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from macmillan... 


introduction to stress analysis 


CHARLES 0. HARRIS, Michigan State University 


Providing a brief but intensive discussion of the properties of materials, this 
flexible book contains topics not traditionally found in a first course, includ- 
ing: equations of equilibrium of stresses, state of strain at a point, lateral 
deformation of a beam, velocity of wave propagation, and residual stress. 


1959, 330 pages, Ill., $7.50 


the diesel engine 


a V. ARMSTRONG, Jormerly, Ingersoll-Rand Company, and 
JAMES B. HARTMAN, Lehigh University 


This book offers a comprehensive, logical treatment of the diesel engine. 
( batets inding features include: introduction of basic design problems; mathe- 

vatical explanation of the workings of a dual fuel and a gas-diesel engine; 
and new, original material on diesel engine economics. 


1959, 360 pages, Ill., $6.50 


analytical kinematics of plane motion 
mechanisms 


JESSE HUCKERT, Chief Engineer, Carpenter Body Works, Inc., Mitchell, 


Indiana 


This text analyzes the principles of motion transfer within and between the 
links of mechanisms. Fundamental linkage-, cam-, and gear-mechanisms 
are studied, and rolling, sliding, and turning are recognized from the ybe- 
ginning as the basic methods of motion transfer. Both plate problems for 
the drawing room and text for the class are included. 

1958, 209 pages, Ill., $8.50 


effective industrial management 


JAMES a LUNDY, Manager of Sales Administration & Control, Photostat 
Corp 


This book presents a clear, penetrating picture of what must be done ‘by 
managers, with emphasis on why it must be done. The author discusses 
successful up-to-date managerial principles and practices, stressing contro- 
versial issues and problems requiring additional research. 


1957, 588 pages, $7.25 


answer pamphlet available gratis 


The Macmtllan Company 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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Do You Know 


p That the Annual Meeting program 
for Purdue will be one of the best? The 
International Relations Committee has 
three top-flight speakers for its program 
on Latin America, the Mathematics and 
Physics Divisions have a joint program 
on computers in engineering; and the 
Secondary Schools Committee has a dou- 
ble-header program on successful state 
guidance programs and in-college guid- 
ance. These are some of the programs 
of “across-the-board” interest in addition 
to the General Sessions. 


pm That the “Machine Design Manu- 
facturing Bulletin” is a publication of the 
Mechanical Engineering Division? It is 
published four times a year and has been 
published for 26 years. After that length 
of time it still costs only $1.00 per year, 
the same as it always has been. Increased 
costs, however, have made it necessary 
for the Editor to make a plea for addi- 
tional subscriptions and for additional 
contributions of $1.00 per subscriber. 
The purpose of the publication is to pro- 
vide a means for the exchange of ideas 
among those who teach courses related 
to machine design. Send your subscrip- 
tion and $1.00 ($2.00 preferred) to the 
Editor, Lee Harrisberger, Mechanical En- 
gineering Department, North Carolina 
State College, Raleigh, North Carolina. 


> That there seems to be a marked im- 
provement in the newsletters of the vari- 
ous Divisions supporting them? This is 
a good sign and it is hoped that those of 
you who appreciate the communications 
so inform the “volunteer” editors and aid 
them in presenting interesting material 
for distribution. The reason for this im- 
provement and increased interest perhaps 
results from the fact that Division budgets 
have been increased moderately to in- 
clude this type of activity. Of course, 
the reason this can be done is the general 
improvement in Society finances which 
has been developing during the past few 
years. Continued improvement also 


means there must be continued growth 
in membership! 


So take a look about 








you, pick your man, and get him to 
sign up. Your YET representative and 
your Dean have membership application 
blanks, and you occasionally also will 


find them in the JounNAL. We are lag- 
ging behind the past three-year rate. 


w& That “Symposium on Education in 
Materials STP 263” now can be pur- 
chased from ASTM? This is the publica- 
tion resulting from the ASTM-ASEE 
Symposium held last June. The authors 
of the papers are K. B. Woods, F. L. 
LaQue, W. T. Alexander, M. F. Wood, 
E. A. Walker, Glenn Murphy, G. B. War- 
ren, and H. A. Lepper, Jr. ASTM and 
ASEE members may purchase the 60- 
page hard cover book for $1.60; others 
pay $2.00. Orders should be placed 
with ASTM, 1916 Race St., Philadelphia 
3, Pa. 


B That a Study Conference of Sanitary 
Engineers and Scientists on the Improve- 
ment of Graduate Curricula for Sanitary 
Engineers is to be held at the Massa- 
chusetts Institute of Technology on June 
28 to 30, 1960? The Conference will be 
held at MIT, which is acting as the phys- 
ical agent for the American Sanitary En- 
gineering Intersociety Board, Inc. This 
NSF grant of $15,000 is the first made 
for a study of a graduate curriculum. 
Rolf Eliassen of MIT and H. B. Gotaas 
represent ASEE on the Planning Com- 
mittee. 


w& That E. P. Lange resigned as Secre- 
tary of EJC to become Secretary of AIIE, 
effective March 1, 1960? L. K. Wheelock 
is Acting Secretary, pending final action 
by EJC’s Executive Committee. Roy has 
been Assistant Secretary of EJC and 
Executive Secretary of the Engineering 
Manpower Commission. Congratulations 
and best wishes are extended to both. 


Bw That a study made to determine the 
extent of duplication of membership in 
the Engineers Joint Council by virtue of 
the fact that certain engineers are mem- 
bers of more than one member society 
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indicates that the duplication is at least 
as great as 5 to 6%? The study was 
made by the Vicksburg Branch of the 
Mid-South Section of ASCE. Random 
samples of names were selected from the 
directories of twelve of the sixteen mem- 
ber societies; directories of the remaining 
four were not available. But the dupli- 
cation figure arrived at for ASEE is 48%. 
If the non-engineering members and 
those in areas not covered by the twelve 
societies studied are deducted from 
ASEE’s membership it appears that the 
percentage increases to about 60. 


pw That the Engineering Mechanics Di- 
vision of the American Society of Civil 
Engineers is sponsoring a “Theodore Von 
Karman Award”? N. P. White of the 
University of Massachusetts is Chairman 
of the Award Committee. Contributions 
are being solicited and should be sent to 
H. T. Larsen. Checks should be made 
out to Harold T. Larsen, ASCE, and 
mailed to him or to N. P. White. It is 
hoped the first award can be made at the 
October meeting of ASCE. 


B® That each year the American Asso- 
ciation on Emeriti sends out an “Emeriti 
for Employment” publication in Feb- 
ruary? Supplements follow as needs 
arise. Professor Constantine Panunzio, 
President of the AAE, reports that very 
few engineering professors enroll and 
that there usually is no trouble in their 
receiving satisfactory employment. Those 
of you who are Emeriti and have the 
vim, vigor, and vitality that the rest of 
us should have should get in touch with 
the AAE, P. O. Box 24451, Los Angeles 
24, California. 


B That Vol. I, No. 1, of Technology 
and Culture, published by the Society for 
the History of Technology, looks very in- 
teresting? An explanatory opening ar- 
ticle by Dr. Melvin Kranzberg states, 
“For the first time an effort is being 
made to bring together the engineer, the 
scientist, the industrialist, the social sci- 
entist, and humanists to promote the 
study and interpretation of developments 
which are of mutual interest and con- 
cern.” The address of the Society is 
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Room 311, Main Building, Case Institute } fact 


of Technology, Cleveland 6, Ohio. Mem. 
bership costs $8.00 per year. 
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Apr., 1960 DO YOU KNOW 

factory is doomed to intellectual decay 
_,. and will soon be in a state where 
its death is devoutly to be desired.” 
These statements were made by Dr. L. 
A. DuBridge, in an address given at the 
annual meeting of the American Council 
on Education. 


p That engineering and sciences will 
be among the fastest growing professions? 
“Twenty years ago only one scientific or 
technical worker was employed for every 
100 people in the labor force; today 
there is one for every 32 workers. Tech- 
nicians who work with and give technical 
support to engineers and scientists will 
also be very much in demand. Employ- 
ment in these technician occupations has 
shot upward during the past two decades. 
By 1957, the number of technicians em- 
ployed had just about caught up to that 
of engineers. In 1970 there will prob- 
ably by more technicians than engineers 
in industry and government agencies.” 
These statements come from “The Man- 
power Outlook for the 1960’s—Its Im- 
plications for Higher Education,” by 
Newell Brown, Assistant Secretary of 
Labor for Employment and Manpower, 
as published in Higher Education for 
December 1959. 


& That “Communications in Research” 
was the theme of the English Division’s 
“day in industry” at the Pittsburgh meet- 
ing? Some of the ideas expressed there 
were: In spite of a reputation to the con- 
trary, engineers are not hopelessly bad 
communicators; engineers experienced in 
the same discipline find that a precise 
technical vocabulary promotes communi- 
cation, although it may be unintelligible 
to the untrained. Those who can com- 
municate best are most often those~who 
grow the fastest and to the greatest stat- 
ure. Because of the political importance 
of the private citizen, scientists must 
communicate clearly to the layman. The 
growth of the engineer and of his com- 
pany depends on management’s ability 
to communicate with consumers and the 
general public. Those who give the 
engineer the tools of expression make pos- 
sible his fulfilling three primary respon- 
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sibilities: to his country, to his profes- 
sion, and to himself. All teachers and 
instructors should keep hammering away 
at the tendency to get away from simple 
language; a reader should not have to 
reread each sentence to understand what 
the writer is trying to say. Technical 
writing, making facts and figures inter- 
esting to the layman, is an art, the value 
and need of which too many students do 
not realize. English composition classes 
can teach human relations and can de- 
velop creative thinking. 


B& That information regarding teaching 
opportunities abroad can be obtained 
from the Advancement and Placement 
Institute? API publishes a monthly non- 
fee placement journal called Crusade 
for Education and a recent issue is the 
annual “international” issue devoted to 
foreign positions available in September 
of 1960. Copies are available at the of- 
fices of most deans and university li- 
braries, and also may be purchased for 
$2.00 from API, Box 99-M, Station G, 
Brooklyn 22, New York. 


®& That the Industrial Engineering Di- 
vision is sponsoring a Summer School at 
Purdue on June 18 and 19, 1960? The 
program is designed as a forum for the 
interchange of ideas on the best way in 
which to integrate new material to the 
subject matter taught in industrial en- 
gineering. Mathematical requirements, 
statistical requirements, psychological de- 
velopments, physiological developments, 
sociological developments, systems analy- 
sis, systems simulation and incorporating 
frontier areas are the topics to be con- 
sidered. The registration fee is $3.00 
and it should be sent to Professor H. T. 
Amrine, Department of Industrial Engi- 
neering, Purdue University. 


®& That your friends will expect to see 
you, your wife and your children at Pur- 
due on June 20-24? When you get that 
Preliminary Program don’t forget to show 
it to all the family! 


W. LEIGHTON COLLINS 
Secretary, ASEE 








Engineering for the Future 


J. A. HUTCHESON 


Vice President—Engineering, 
Westinghouse Electric Corporation 


In view of the speed of present tech- 
nological events, one cannot say with 
certainty what the future will be like. 
Nor can one foresee in detail the count- 
less engineering problems to be solved in 
bringing that tomorrow into being. But 
one can and should make some informed 
guesses as to where the major problems 
lie. And one can and should begin now 
to concern himself with their identifica- 
tion and solution. 

As any engineer knows, the process of 
extrapolation provides a means of pre- 
dicting what will happen in a given situa- 
tion based upon what already has oc- 
curred. This process is not infallable, 
but it is a useful and rational approach 
to problem solving. 

By extrapolation, then, we can look at 
some of the major problems of today and 
can expect them to provide a clue to the 
probable engineering problems of the fu- 
ture. I should like to suggest three 
broad categories of endeavor wherein I 
think the engineer of tomorrow will find 
his most challenging and socially signif- 
icant problems. I am sure that the solu- 
tion of these problems will require all 
the competence and foresight and ver- 
satility that the engineer can command. 
And I am equally sure that the answers 
will require more than a casual amount 
of devotion to duty and dedication to 
the task at hand. 

My conviction is that in the years to 
come engineers must become increas- 
ingly ingenious in (1) the development 
of ways and means for obtaining the 
basic raw materials from which our goods 





Presented at the 67th Annual Meet- 
ing of ASEE in Pittsburgh, June, 
1959. Recommended by the Me- 
chanical Engineering Division. 








will be made, (2) in the development of 
new sources of energy, and (3) in the 


development of new ways to increase our | 


productivity of the goods we want and 
need, 


Raw Materials 


It is obvious that we and all peoples | 


of the world will require basic materiak 
in ever increasing abundance. It is 
equally obvious that as we take these 


materials from nature we deplete the} 
supply. Consider, for example, two con- 


mon materials—copper and iron. 
In the 18th century it was considered 
impractical to use copper ores in which 


the copper content was less than 13%, 


By 1900 the average grade of copper or 


being processed was about 5%. By 1950f 


the average grade of ore had dropped to 
0.9% and ore containing as little as 0.6% 
was being processed. Although our cop- 
per consumption is actually much les 
than that of iron, to obtain the copper 
we use today, it is necessary to handk 
each year as much copper ore as the 


annual production of iron ore in th} 


United States. 
The situation with iron is similar. At 
the present time our iron-producing fe. 


cilities need ore containing about 50%) 


iron. At our present rate of usage, the 
supply of ore of this quality available in 


the United States will last some 15 yearns.) 


Since 1935 engineers have been develop 
ing processes for the enrichment of lowe 
grade ores, starting with those having # 
little as 35% iron. Again, at our preset! 


will last no more than an additional 3 
years. 

As we are forced to lower-grat 
sources of raw materials, we must e 


relatively larger amounts of energy i} total 
their conversion into useful form. We) g 
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Apr., 1960 


must handle ever-larger quantites of ma- 
terials; we must dig ever-deeper into the 
face of the earth; we must transport our 
ores from more distant points. All of 
these alternatives require energy in 
abundance. 

This leads to the second problem which 
must receive the attention of our engi- 
neers; the production of increasing 
amounts of energy. 


Energy 


There is no better illustration of man’s 
insatiable demand for energy than his 
use of electric power. In 1958, there 
was generated in this country 737 billion 
kilowatt-hours of electrical energy. Ac- 
cording to the best estimates available, 
ten years from now that figure will grow 
to one- and one-half trillion kilowatt- 
hours. 

Such astronomical figures have little 
meaning except, perhaps to those who 
are charged with figuring out the public 
debt. Therefore, to make them more 
meaningful, let us consider simply the 
growing residential consumption of elec- 
tricity, omitting from our thinking for the 
moment all the tremendous quantities of 
electric power used by commercial enter- 
prises and American industry. Let me 
interject, however, this thought: It re- 
quires as much electric power to manu- 
facture one pound of aluminum as it does 
to power the average American homes 
for one day, and last year the aluminium 
industry produced 3,131,000,000 pounds 
(1,565,000 tons) of the metal. 

Of America’s 51,100,000 homes, some 
49,400,000—nearly 97%-—are wired for 
electricity. And of these wired homes, 
about 98% have refrigerators, 96% have 
radios, 91% have electric washers, 89% 
have television sets and 12% have air 
conditioners. 

These figures are immensely interest- 
ing. More homes are equipped with 
radios than with telephones; more have 
television sets than bathtubs. If all these 
television sets are turned on at one time, 


to appear, the electricity required to 


,f Power them is equal to one-tenth of the 
total generating capacity. in the nation, 
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And if every home that has a television 
set were also to be equipped with a home 
air conditioner—and some people think 
this day is coming soon—the power re- 
quired to operate all of them at one 
time would equal our present ability to 
generate electric power. 

No one can point to a single circum- 
stance which would lead us to doubt that 
this demand for electric power will con- 
tinue, and at an accelerated rate. Al- 
ready electricity permeates almost every 
aspect of human endeavor. And, because 
it is the one source of energy that is easy 
to make, easy to transport, easy to use 
and easy to control, it will continue to be 
exploited in spectacular fashion. Today 
only a small percentage of our homes are 
heated with electricity; my conviction is 
that in the foreseeable future electricity 
will be the standard method of heating 
and cooling them, and this may very well 
be done with no device yet in existence. 
My conviction also is that many of those 
in this audience, perhaps myself in- 
cluded, will see the day when the elec- 
trically driven automobile will be the 
rule rather than the exception. 

Our scientists and engineers are seek- 
ing new ways to obtain electric power 
from a variety of prime sources of energy. 
But most of it today comes from the 
burning of fuels deposited in the earth 
countless millions of years ago. In fact, 
at the present time, essentially all our 
energy, for whatever purpose we use it, 
comes from fossil fuels, including coal, 
gas and petroleum. Together these 
sources account for 96% of our energy 
supply. Almost all the remaining 4% 
comes from water power. 

It is pertinent to look at the world re- 
sources of fossil fuels. We find that 
estimates of these reserves vary widely, 
so to make use of them, I have chosen to 
take both the most optimistic and the 
most pessimistic estimates. Thus, if we 
translate all fossil fuels into the equivalent 
number of tons of coal, the most optimis- 
tic estimate of the world’s resources places 
them at 8,000 billion metric tons; the 
most pessimistic estimate is ten times 
smaller. At the present world rate of con- 
sumption of energy, the time for exhaus- 
tion of the world’s reserves is 4,000 years 
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optimistically, or 400 years pessimis- 
tically. 

It must be emphasized that these esti- 
mates are based on consumption of en- 
ergy by the peoples of the world at 
current rates. These figures allow noth- 
ing for increase in world population or 
for a rising standard of living throughout 
the world. Today’s world population is 
over 2.6 billion. By 1980, United Na- 
tions estimates place it at 3.6 billion. 
Suppose a world population of even 3 
billion wanted to achieve a standard of 
living comparable to that which you and 
I enjoy today. In such case, the optimis- 
tic estimate of our fuel reserves drops 
from 4,000 to 230 years, and the pes- 
simistic estimate drops from 400 to 23 
years. 

One cannot predict what factors will 
affect this situation. But it simply is be- 
ing realistic to recognize that the trend is 
such that by the end of this century the 
problem of a supply of energy to main- 
tain our standard of living well may be 
acute. Whatever the answer may be— 
solar energy, nuclear energy by fission or 
fusion, or sources of power yet to be dis- 
covered—certainly man’s voracious, fre- 
quently wasteful appetite for energy must 
be of increasing concern to the engineer 
of tomorrow. 

These two areas I have mentioned, 
raw materials and available energy, con- 
stitute the basic ingredients of a nation’s 
economy. ‘Translated into airplanes and 
soap and tractors and TV sets, they fix 
our standard of living. Translated into 
missiles and radar and thousands of other 
fantastically complicated products, they 
determine our changes of survival. Per- 
haps the engineers’ most critical task in 
the years immediately ahead will be to 
prove that in this nation, under our eco- 
nomic system, we can meet both obliga- 
tions simultaneously. Ever-increasing 
productivity of the things we can and 
must have, is a third major problem area 
of tomorrow’s engineer. 


Productivity 


I have said that an exploding world 
population is a contributing factor to the 
insatiable demand for raw materials and 
useful energy. The same holds true for 
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the products of industrial production, 
We must bear in mind, however, that 
these are not linear relationships. The 
population of the United States has little 
more than doubled since the turn of the 
century. But the amount of steel in use 


- in this country has doubled every 2 


years; petroleum production has doubled 
every 15 years; and the production of 
electrical energy has doubled every 10 
years since 1900. 

Similarly, our demand for goods and 
services is growing at a rate which far 
outstrips our rate of population growth, 
and no one can detect a lessening in our 
collective desire to increase it further, 
Things which two or three decades ago 
were considered luxuries, or were not 
available at any price, are today con- 
monplace and thought of as necessities, 
I ask you only to consider such modem, 
diverse “necessities” as electric refriger- 
ators, central heating, automobiles, hi-f 
sets and outboard motors. 

But our labor force—those who must 
produce these goods and services—grows 
no faster than the population. In the 
next ten years it has been estimated that 
this labor force will increase by about 
18%. During this same period, to meet 
foreseen demands, our production capac- 
ity must increase by some 50%. It is 
obvious that if we are to continue to 
have the things we want and need, each 
laborer must become more productive. 
This does not imply that he must work 
harder or longer. Rather, it means that 
he must have more and better tools, more 
power at his command, so that he can 
produce more in a given time with the 
same or less effort. 

The provision of these tools has been 
called automation. Automation is no 
really new. Rather, it is a present-day 
word to describe a process that has been 
going on for a very long time, ever since 
man’s need for a product began to out 
strip his ability to build it by hand. 
Consider, for example, the manufactur 
of electric lamps, or what most people 
call light bulbs. My company makes 
these at the rate of ten a second, day it 
and day out. They are made by mt 
chines with virtually no human efor 
and this has been going on for decades 
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For this reason, they have decreased in 
cost ever since they were invented and 
one shudders to think what one would 
cost at today’s labor rates if it had to be 
assembled by hand. 

The point I am making is that this 
technique we now call automation has 
been evolving over a long period of time, 
and has brought vast benefits to every 
segment of our society. There seems to 
be little doubt that it must and will con- 
tinue to develop if we are to maintain 
our own progress and security, and to 
help bring to the underprivileged millions 
of the world the fruits of a better way of 
life. 

As automation continues to be applied 
to industrial production, we can expect 
to hear, in increasing tempo, the variety 
of opinions that always have surrounded 
it. Like most scientists and engineers, I 
would not attempt to pose as an expert 
upon social problems. But, speaking as 
a scientist and engineer, I feel one ob- 
servation is in order. 

It is this: That whatever one’s per- 
sonal emotions may be, they will not seri- 
ously affect the ultimate course of auto- 
mation or, for that matter, any other 
large-scale scientific or technological de- 
velopment of the future. In discovering 
the secrets of nature, and in applying 
them to man’s progress, the scientist and 
engineer does not pick and choose among 
the truths she chooses to reveal. As 
George R. Harrison, Dean of Science at 
Massachusetts Institute of Technology, 
has so aptly pointed out, “. . . one takes 
them as they come and uses them as one 
can.” No amount of wishful thinking 
will hold back the scientific knowledge 
that makes possible improvements in our 
technology, whatever form these im- 
provements may take. “ 

It may be pertinent to point out an- 
other fact apparent to most engineers: In 
the long run, scientific developments 
often produce the very opposite effects 
ftom those commonly feared in the pub- 
lic mind. Automation is a case in point. 
It turns out that the fields in which auto- 
mation is being most rapidly applied are 
the very ones where employment is great- 
est. The employment comes, not in spite 
of the machines, but because of them, 
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It seems to be difficult for many people 
to grasp the important truth that social 
and economic gains—shorter working 
hours, fuller employment, greater pur- 
chasing power and the like—are the re- 
sult of greater productivity. They are 
the consequence of abundance, not the 
cause of it. 

The growing demand for basic raw 
materials, the need for increasing 
amounts of energy, the development of 
ways to increase productivity—these, 
then, are three of the major problem 
areas to be faced by the engineer of to- 
morrow. I do not suggest that the en- 
gineer alone can solve all the problems 
inherent in these areas; it will require the 
ingenuity and dedicated effort of many 
people, professional and nonprofessional 
alike. 

But the engineer will play a key role. 
Dr. Lyman Bryson has described the 
engineer as the one who intervenes for 
human purposes in the processes of na- 
ture. “In all civilization,” Dr. Bryson 
says, “you attempt to put the educated 
finger into the machinery of nature and 
make it do things that would otherwise 
not happen. So, in a sense, the engineer 
represents civilized man or the agent of 
civilization. He is in a powerful position 
in our society.” 

I would agree with Dr. Bryson that 
the engineer is a key figure in our society. 
I think he will continue to be. But, in 
fulfilling the key role he will play in the 
world of tomorrow, he cannot be content 
to exemplify the traditional “dyed-in-the- 
wool” engineer so familiar in the past. 

The engineer of tomorrow must be 
many things—alert, competent, dedicated, 
well-trained. But if I were to select the 
single attribute he must possess in far 
greater measure than his counterpart of 
yesterday and today, I would cite “ver- 
satility.” 

The pace of science already demands 
it. A few years ago we saw progress in 
atomic knowledge create a whole new 
field of engineering in less time than it 
takes to put a single engineer through 
college. I recall in our own organization 
how almost overnight, a small handful of 
scientists—primarily physicists—were sud- 
denly transferred from the pursuit of the- 
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oretical nuclear physics with a Van de 
Graaff generator and given the formid- 
able task of bringing into being the 
power plant of a nuclear submarine. 

Today, a roughly similar situation 
exists in space technology. 

So fast are we moving scientifically 
that frequently the only person competent 
to guide the development of a useful de- 
vice is the man who discovers the new 
knowledge upon which it is based. Con- 
versely, one finds that the only persons 
capable of competently carrying through 
a development are those conversant with 
the knowledge and skills unique to sci- 
entific research. 

If you interpret this to mean that I 
see a breaking down of the traditional 
“bricks and mortar” of the engineer and 
the “ivory tower” of the scientist, that 
interpretation is correct. No longer can 
I find any really valid reason for per- 
petuating arbitrary distinctions between 
the “research” of the “scientist” and the 
“development” of the “engineer.” From 
a practical, administrative point of view, 
one cannot really tell where one leaves 
off and the other begins. And if there is 
any real value in theoretically fitting them 
into tight, mutually exclusive compart- 
ments, I have been unable to detect it. 

Meaningful distinctions between “basic” 
and “applied” research are equally diffi- 
cult to establish. More often than not, 
the problem involved is simply one of 
semantics. At the risk of belaboring a 
point, I might illustrate the difficulties 
involved by citing the results of a recent 
luncheon discussion on the subject with 
one of my colleagues. He took the fa- 
miliar position that to be “basic,” re- 
search must be “free,” “undirected,” “re- 
moved from practical application.” Be- 
fore our discussion ended, my colleague 
found himself in the uncomfortable posi- 
tion of defining as basic any research so 
far removed from reality as to be abso- 
lutely useless. I hastened to point out 
that under such a definition I would be 
hard put to justify to our Board of Direc- 
tors a considerable portion of our own 
research budget. 

In looking at tomorrow’s engineer, I 
do not suggest that he is destined to lay 
aside his traditional function of creating 
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the technological environment of the fu. 
ture. This he will continue to do. But 
in doing it, he must of necessity exhibit 
a new degree of versatility in outlook, 
training and experience. 

Perhaps an example, with which | 


‘have personal experience, will illustrate 


what I mean. . 
Since 1822, a phenomenon known as 
the Seebeck Effect has been in the reser. 
voir of scientific knowledge as an inter- 
esting but not very useful bit of informa- 
tion. The Seebeck Effect says that an 
electric voltage can be generated in two 
unlike pieces of metal when they are 
jointed together and their junction jis 
heated. About the only usefulness the 
engineer has been able to find for this 
phenomenon over the years is in meas- 
uring temperature, for such a junction 
typically produces only a few thousandths 


of a watt of electric power at an efficiency 


of a small fraction of 1%. 

For more than 20 years now, we have 
been seriously studying this phenomenon, 
called thermoelectricity, at the Westing- 
house Research Laboratories. And about 
three years ago we reached a level of un- 
derstanding which suddenly transformed 
it from a scientific curiosity into one of 
the most exciting developments to come 
along in many years. I am rather proud 
of the fact that the multi-million-dollar 
research and development program now 
going on nationally in thermoelectricity 
can be very largely traced to a handful 
of scientists in our own research or 
ganization. 


I cannot detail here all the things that | 


have happened to Mr. Seebeck’s milli- 


watt, 0.1% efficient thermocouple within | 


the past three years. But I can report 
that we now are developing a 5,00 
watt thermoelectric generator and have 


achieved efficiencies quite comparable to | 
those encountered in the average auto- | 


mobile. 


Thus, in a remarkably short period of | 


time, thermoelectricity is passing from 
the researcher to the engineer. But in 


the transition, we find that many of the | 
pertinent engineering problems are quite | 
alien to conventional engineering com | 
cepts. For example, the engineer of heat | 


engines has traditionally conserved the 








Apr., 


maxi 
his € 
to d 
thro 
sente 
cien 
Su 
gine: 
all, | 
the « 
venti 
to so 
therr 
derst 
trans 
lated 
and 
our € 
the i 
physi 
In 
versa 
And 
the | 
cusse 
portu 
must 
ing ti 
Sc: 
squar 
eastel 
betwe 
some 
ules” 
to 40 
billior 
cobalt 
times 
times 
the re 
of coy 
this y 
under 
may | 
$1.5 1 
a total 
dollars 
The 








ol. SO—No. 8 


of the fu- 
do. But 
ty exhibit 
1 outlook, 


which | 
illustrate 


known as 
the reser- 
an inter- 
f informa- 
s that an 
ed in two 
they are 
inction is 
ulness the 
d for this 
; in meas- 
1 junction 
ousandths 


. efficiency 


, we have 
=nomenon, 
> Westing- 
And about 
evel of un- 
ansformed 
ato one of 
ts to come 
ther proud 
llion-dollar 
gram now 
electricity 
a handful 


search or: 


things that 


sck’s milli. | 
iple within | 


can report 
xy a 5,000 
and have 


yparable to | 
rage auto- | 


t period of 


ssing from | 


sr. But in 


any of the | 
is are quite | 
ering CON | 
veer of heat | 


served. the 





Apr., 1960 


maximum amount of heat energy inside 
his engine so that it would be available 
to do useful work. Heat which passed 
through the walls of the engine repre- 
sented wasted energy and loss in effi- 
ciency. 

Suddenly, in thermoelectric heat en- 
gines, he faced the fact that to work at 
all, heat must pass through the walls of 
the engine. This was completely uncon- 
ventional, and no engineer could expect 
to solve the thermodynamic problems of 
thermoelectric devices without some un- 
derstanding of the mechanisms of heat 
transfer, electrical conductivity, and re- 
lated characteristics of semiconductors 
and other solid state materials. Some of 
our engineers, therefore, rapidly entered 
the intellectual domain of the solid state 
physicist. 

In engineering for the future, such 
versatility will be “par for the course.” 
And if the young engineer thinks that in 
the broad problem areas we have dis- 
cussed today there are no intriguing op- 
portunities to display this versatility, I 
must suggest that he consider the follow- 
ing two propositions: 

Scattered across some 14 million 
square miles of ocean floor off the south- 
eastern coast of the United States and 
between South America and Tahiti, are 
some 200 billion tons of rock-like “nod- 
ules” containing, some estimates say, up 
to 40 billion tons of manganese and one 
billion tons each of copper, nickel and 
cobalt. These amounts are about 1,000 
times the world’s reserves of cobalt, 150 
times the reserves of manganese, 20 times 
the reserves of nickel and 6 times those 
of copper. It has been estimated that 
this vast mineral resource, much of it 
under more than 15,000 feet of svater, 
may be worth at present prices up to 
$1.5 million per square mile, and have 
a total value of some 10 thousand billion 
dollars. 

The second proposition is this: 
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One hundred tons of granite, one of 
the most abundant of rocks, contain, in 
addition to other useful elements, 


8 tons of aluminum 
5 tons of iron 
1200 pounds of titanium 
180 pounds of manganese 
70 pounds of chromium 
40 pounds of nickel 
30 pounds of vanadium 
20 pounds of copper 
10 pounds of tungsten, and 
4 pounds of lead. 


Also present in these 100 tons of 
granite are 4 grams of uranium and 12 
grams of thorium; and the energy avail- 
able within them is enough to process 
the entire mass of rock and obtain from 
it the quantities of materials I have de- 
scribed. All we need is the know-how to 
do it. 

Perhaps, in the first decade of the 21st 
century, challenges such as these may 
have become part of the standard review 
course in high school science. If so, we 
cannot doubt that problems equally chal- 
lenging and equally significant will con- 
front the young engineers of that genera- 
tion. 

For man, being the kind of being that 
he is, cannot stop the discovery of the 
facts of nature even if he tries; neither 
can he, if he would, interrupt for long 
the application of that knowledge to his 
purposes. 

That there never will be an end to the 
knowledge man has at his disposal is, at 
once, among the most ennobling and 
frightening of all great truths. It sug- 
gests that we who labor in the cause of 
science must do more than simply con- 
tribute to the fund of human knowledge. 
We must, with increasing urgency, strive 
to make man’s use of it wise and humane 
and purposeful—worthy of the intellect 
which brought it into being. 

This well could be the engineer’s ulti- 
mate challenge in any generation. 








Engineering at Purdue 


A Brief Account of What, Where, and When of Engineering at the 
Host Campus of the 1960 Annual Meeting 


As a Land-Grant college, Purdue Uni- 
versity was founded primarily to teach 
the agricultural and mechanical arts. An 
engineering curriculum, therefore, has 
been one of the major offerings of the 
University since its doors were first 
opened to students in 1874. The first en- 
gineering degree, in civil engineering, 
was awarded in June 1878. 

In 1879 the School of Mechanics was 
established, becoming the School of Me- 
chanical Engineering in 1882. In 1888 
Electrical Engineering was organized as 
a separate school. Chemical engineering 
was established as a course of study in 
1906, and in 1911 was made into a sep- 
arate school. Metallurgical engineering 
was added to the degree offerings of this 
school in 1938, and the name changed to 
the School of Chemical and Metallurgical 
Engineering. In 1959 this marriage was 
dissolved, and Purdue now has separate 
Schools of Chemical Engineering and 
Metallurgical Engineering. 

As early as 1926, Aeronautical Engi- 
neering courses were offered as options 
in Mechanical Engineering. In 1942-43 
four years of Aeronautical Engineering 


as an offering of the School of Mechan- 
ical and Aeronautical Engineering ap. 
peared for the first time. The School of 
Aeronautics, including the curricula of 
Aeronautical Engineering and Air Trans- 
portation, was set up as a school in 1945, 
In 1955 Air Transportation became a part 
of the School of Industrial Engineering 
and Management, and the school’s name 
was changed to the School of Aeronaut- 
ical Engineering. 

The Department of Engineering Me- 
chanics, formerly part of the School of 
Civil Engineering and Engineering Me- 
chanics, was set up as a separate division 
in 1954, and its name changed to the 
Division of Engineering Sciences. Agri- 
cultural Engineering offered jointly by 
the School of Agriculture and the Schools 


of Engineering was started in 1946. In | 


1955 a School of Industrial Engineering 
and Management was formed. With the 
advent of a School of Industrial Manage- 
ment in 1958, this school was dissolved, 
but the Department of Industrial Engi- 
neering still remains as a separate depart- 
ment within the Schools of Engineering. 

Associated with the various schools and 





Students in the School of Civil Engineering are shown experimenting with a design for a 


shell roof structure. 
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departments of technical instruction are 
student branches of all the major na- 
tional technical and scientific societies. 


Curricula 


Undergraduate instruction in aeronaut- 
ical engineering, agricultural engineering, 
chemical engineering, civil engineering, 
industrial engineering, mechanical engi- 
neering, engineering sciences, and metal- 
lurgical engineering leads to the degree 
of Bachelor of Science. Purdue has re- 
cently established a new Department of 
Nuclear Engineering and offers courses 
in Nuclear Engineering from two cate- 
gories: 1) introductory terminal courses 
for engineering students, and 2) special- 
ized, graduate courses for those students 
preparing for careers in nuclear engineer- 
ing research and development. 

All Schools of Engineering and the Di- 
vision of Engineering Sciences offer the 
M.S. or Ph.D. In addition to the schools 
and departments of instruction, the 
Schools of Engineering maintain the En- 
gineering Experiment Station, which con- 
ducts research in the various fields of en- 
gineering, and cooperates with engineer- 
ing societies, industries, railroads, utilities 
and the government. Major contribu- 
tions in engineering research have been 
made in the fields of transportation, heat 
transfer, electric power transmission, ma- 
terials, gas technology, electronics, and 
power engineering. 


Places to Visit 


A number of the engineering buildings 
and facilities on the Purdue campus 
merit inspection by ASEE members. Of 
particular interest will be the William 
Freeman Myrick Goss Library of the His- 
tory of Engineering. The Goss Isibrary 
was established in 1928, when Purdue 
University received the personal library 
of William Goss, Dean of Engineering at 
Purdue from 1879 to 1907. The library, 
now housed in the Engineering Adminis- 
tration Building, contains over 5,000 vol- 
umes and is probably the most complete 
library of engineering history available 
in any university in the nation. 

Also of interest will be the Nuclear 
Engineering Laboratory housed in the 
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Duncan Wing of the Electrical Engineer- 
ing Building. Among the equipment of 
this laboratory is a sodium-potassium 
high temperature heat transfer loop, a 
boiling water loop, an expotential assem- 
bly, a gamma-irradiation facilitiy, an ir- 
radiated fuel processing laboratory, and 
an analog computer used as a reactor 
simulator. 

The Herrick Laboratory, home of Pur- 
due University’s new Center for Refrig- 
eration and Climate Control, is another 
point of interest. This is a joint facility 
of the School of Mechanical Engineering 
and the Agricultural Experiment Station. 
It houses several environmental chambers 
in which temperature, humidity, light in- 
tensity, and air movement can be fully 
controlled. These chambers are designed 
for fundamental studies in animal physiol- 
ogy. In addition there is a splendidly 
equipped laboratory for engineering re- 
search into the problems of refrigeration, 
air conditioning, and climate control. 

The Theromphysical Properties Re- 
search Center is housed in the Mechan- 
ical Engineering Annex. This data cen- 
ter, activated in 1957, has as its aims the 
collection, analysis, correlation, and dis- 
semination of information about the ther- 
mophysical properties of matter and the 
provision of unique facilities and oppor- 
tunities for graduate study and research 
on thermophysical properties. At present 
the center has stored in its files nearly 
23,000 abstracts of articles of basic in- 
formation on thermophysical properties, 





“Purdue University Fountain of Learn- 
ing.” This scene shows the Memorial Foun- 
tain recently installed in front of the Ad- 
ministration Building on the Purdue campus. 
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taken from nearly 12,000 technical and 
scientific journals. 

Other laboratories and facilities of in- 
terest are the Rocket, Jet Propulsion and 
Gas Turbine Laboratories, the Highway 
Research Laboratories of the Joint High- 
way Research Project operated by the 
School of Civil Engineering in coopera- 
tion with the State Highway Department 
of Indiana, the Aircraft Structures and 
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Dynamics Laboratory, and many others, 
far too numerous to be listed. 

ASEE members may be assured of a 
warm welcome by members of the in- 
structional and research staff of Purdue 
University’s Schools of Engineering, 


‘They are invited to tour and inspect the 


laboratories mentioned in this article as 
well as the many other instructional and 
research facilities on the Purdue campus. 


Highlights of the Purdue Meeting 


Interesting and informative programs for educators, engineers, indus- 
trialists, scientists, women, and children. 


Methods of Teaching. 


The Role of ASEE in Latin American Relations. 

The Impact of Space Technologies. 

Development of Engineering Faculties. 

Long Range Training and Development Needs of the Engineer. 
The National Survey of Technical Institute Education. 
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High School Preparation for College. 

An Evaluation of Cooperative Education. 
The Future of Industrial Engineering. 
Workshop on Solid State Electronics. 
Review of Events in Washington. 





A visit to Purdue’s beautiful campus—home of the largest under- 
graduate engineering school in the country. 





Shown above is the Coeducational Recreational Gymnasium with the outdoor swimming [| 
pool in the foreground. ' 
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Engineering Student Dropouts 


Report of the ASEE Sub-Committee on Dropouts 
of Engineering Students 


NEWELL L. FREEMAN 

A. PEMBERTON JOHNSON 

DONALD H. MOYER 

DONALD S. BRIDGMAN, CHAIRMAN 


This report is based on responses to a 
questionnaire addressed to the Deans of 
Engineering in May, 1958, received from 
92 institutions; responses to a question 
concerning increased attrition in the cur- 
rent academic year as compared with 
other recent years included in the Jan- 
uary 1959 survey of the Engineering 
Manpower Commission primarily on 
freshman engineering enrollment trends; 
visits by the Committee Chairman to 7 
institutions in 1958 and 1959; examina- 
tion of enrollment data compiled by Dr. 
Henry Armsby of the U. S. Office of 
Education; and review of some of the 
literature in this field. 


|. Summary 


A 1957 U. S. Office of Education study 
has reported that 39% of the non-veteran 
single freshmen entering all undergradu- 
ate curricula in the fall of 1950 graduated 
in 4 years from the original institution 
entered and has estimated that 50% 
graduated from some institution in 4 
years and 60% ultimately do so. More 
recent data indicate that the latter ratio 
of 60% now may be about 55% An 
earlier Educational Testing Service study 
of non-veteran freshmen entering engi- 
neering curricula in the fall of 1948 re- 
ported that 33% graduated in 4 years 
and 44% in all were expected to gradu- 
ate in engineering from the institution 
first entered. Rates very similar to those 
found by this latter study were estimated 
for engineering students from data se- 
cured by this Committee in its survey of 
May 1958. Both the E.T.S. study and 
the Committee’s survey included data 


indicating that 10-15% more of the 
entering freshmen, after transfer to other 
curricula, probably would graduate in 
them. On this basis, the ultimate grad- 
uation ratio estimated for all curricula 
would be approximated in engineering 
schools. 

These results have been obtained from 
studies of classes graduating in recent 
years, including some taken from a repre- 
sentative sample of the 1957 engineering 
class. In addition, however, the Com- 
mittee has computed more recent gross 
retention rates for individual classes by 
comparing their enrollment figures in two 
successive years; e.g. this year’s sopho- 
mores with last year’s freshmen. Such 
figures include the transfers to engineer- 
ing schools from junior colleges and other 
curricula and consequently are higher 
than those affected only by the losses 
from engineering. They indicate what is 
happening at each class level from one 
year to the next and their trend over a 
period of several years seems quite sig- 
nificant. 

Such a comparison shows that the ratio 
of sophomores to the preceding year’s 
freshmen was 79% in 1955, declined to 
68% in 1958, and recovered to 70% in 
1959. A similar downward trend oc- 
curred from 1955 to 1958 in the other 
classes with stabilization or a small re- 
covery in 1959. A cumulative ratio, 
which may be obtained by multiplying 
together the ratios for the four class levels 
in any year and which represents the 
ratio between the number of degrees 
given and the corresponding entering 
freshmen if the rates for that year held 
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over a 4 year period, decreased from 62% 
in 1955 to 44% in 1958 and recovered 
to 47% in 1959. 

The modest improvement in the sopho- 
more-freshman ratio in 1959 as compared 
to 1958 is only slightly encouraging since 
the smaller 1958 freshman class presum- 
ably included fewer students of marginal 
interest and aptitude. It is clear that 
the downward trend in retention rates at 
each class level up to 1958 has affected 
markedly the numbers of graduates to 
be expected from the present junior and 
senior classes. If relatively high loss 
rates should continue with smaller fresh- 
man classes than anticipated, the result 
would be severe reductions in the num- 
bers of graduates in future classes. 

A special analysis of the freshman- 
sophomore sequence rates for 1957 to 
1958 as compared with those for 1956 to 
1957 in individual institutions also has 
been made. From this, 51 institutions, 
33 public and 18 private, with substan- 
tially heavier losses in the later year were 
identified. In these institutions, this re- 
tention rate decreased over 10 points as 
compared with 5 points in all E.C.P.D. 
institutions. In the public institutions in- 
cluded, the total increase of about 3,800 
in number of students lost was slightly 
more than the total for all E.C.P.D. 
schools. These generally were very large 
schools and in addition, they had had a 
substantially greater increase in fresh- 
man enrollments the previous year than 
all E.C.P.D. schools together. 

From 1958 to 1959, the sophomore- 
freshman retention rate in both the pub- 
lic and private institutions in this group 
improved appreciably, recovering some 
4 points of the 10 point increase in loss 
rates of the preceding year. 

What appear to be the principal rea- 
sons for the losses occurring and _par- 
ticularly for their recent increases? The 
two earlier studies cited and the May, 
1958, Committee survey used different 
classification, but, except for the Office 
of Education study, financial difficulties 
were not shown as a major reason, and 
even in it, such difficulties were given as 
only one of several factors of about equal 
importance. The primary reasons, by 
large margins, given by the Deans re- 
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sponding to the Committee survey were, 
(a) for losses in freshman year, “stu. 
dents’ lack of effective work habits” and 
their “lack of adequate motivation,” (b) 
for later losses, “students’ lack of genuine 
interest in engineering” and their “lack 


‘of ability for advanced subjects.” In re- 


sponse to the Engineering Manpower 
Commission’s question concerning attri- 
tion, included in its January 1959 survey 
of reasons for decreased freshmen enroll- 
ments, about 50 institutions reported an 
increase had occurred during the past 
year and listed “concern about the rigors 
of the engineering curriculum,” “increased 
interest in other scientific fields” and “re- 
ports of diminishing employment oppor- 
tunities in engineering” as the major rea- 
sons for it. A less frequent but still sig- 
nificant reason was “decreased ability to 
finance an engineering education.” In 
public institutions, the most frequent rea- 
son given was “application of higher 
scholastic standards.” This reason and 
“concern about the rigors of an engineer- 
ing curriculum” were given most often 
by the institutions with greatly increased 
losses in the freshman-sophomore se- 
quence, which replied to the E.M.C. 
question and indicated increased attr- 
tion. 

In their response to the Committee's 
survey question concerning measures to 
reduce student losses, the Deans most 
frequently listed “better admissions pro- 
cedure” as of greatest importance. But 
both their written responses and _ other 
opinion secured from individuals make 
it clear that only a number of measures, 
including more effective contacts with 
the high schools, better college personnel 
services, and more understanding and 
stimulating teaching will lead to signif- 
icant improvement. 
sion standards, which, in general, have 
been relatively high and which have be- 
come more rigorous in recent years, the 


retention rate in engineering does not | 


compare favorably with that in other cur- 
ricula and, in the past few years, appears 
to have significantly decreased. Where 
careful examination of this rate and its 
immediate trend is not already a matter 
of routine, such examination is a pre- 
requisite to effective action. 
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ll. The General Situation 


A, Extent of Attrition among Engineer- 
ing Students 


To provide perspective for the current 
findings, reference should be made to 
two other relatively recent comprehensive 
studies in this area, conducted through 
follow-up of individuals entering as fresh- 
men to the point of graduation or separa- 
tion from their original school. In one 
of these studies, the progress in other in- 
stitutions of transfer students was in- 
cluded. 

The first of these, conducted by the 
Educational Testing Service, covered 13,- 
000 non-veteran entrants to 101 engi- 
neering colleges in 1948. Thirty-three 
per cent of these entrants, 25% in public 
and 46% in private institutions, gradu- 
ated in 4 years or had completed 4 years 
of a 5-year program in their original in- 
stitution. Eleven per cent more were still 
enrolled and expected to graduate, who 
would increase the total to 44%. In ad- 
dition, about one-sixth of the original en- 
trants withdrew from engineering, ex- 
pecting to transfer to other curricula.? 

The second study, conducted by the 
U. S. Office of Education, is of principal 
interest in providing comparative data 
for students in all curricula, since the 
only engineering students classified sep- 
arately were about 800 from 10 institutes 
of technology. The total sample included 
over 13,000 non-veteran single full-time 
entrants of both sexes who entered col- 
lege in the fall of 1950. Thirty-nine per 
cent of these entrants, 33% in public and 
48% in private instiutions, graduated 
from their original institutions in 4 years. 
In the institutes of technology, the cor- 
responding ratio was 42%. The study’s 
report estimated that about 50% of these 
entrants graduated from some institution 
in 4 years, about 60% graduated ulti- 
mately.? 


1A, Pemberton Johnson, “Graduation, 


Holdback, and Withdrawal Rates in Engi- 
neering Colleges,” JouRNAL, Vol. 45, No. 3 
(November 1954), pp. 270-73. 

*R. E. Iffert, “Retention and Withdrawal 
of College Students,” U. S. Office of Educa- 
tion Bulletin No. 1, 1958, Government Print- 
ing Office, 1957. : 
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More recent data indicate that the 
60% ultimate ratio now may be too high, 
since the number of 1957-58 first level 
degrees was about 54% of the number of 
1954-55 full-time entrants, 57% for men 
and 51% for women. In obtaining these 
ratios, the number of first degrees in 
medicine, law, theology and a few other 
similar fields has been deducted from the 
first-level degree total, in which these 
degrees are included, since almost all are 
second degrees for their recipients, who 
entered college in earlier classes. 

This Committee’s assignment did not 
include a longitudinal study of the type 
carried on by these surveys, with its 4- 
year follow-up and handling of individ- 
ual student records by the schools. It 
did attempt to secure from schools in 
which the records permitted an approx- 
imation of the graduation ratio such a 
study might give. The results of its in- 
quiry along these lines are shown in 
Table I. 

Reports from a limited number of in- 
stitutions indicated that from 15-20% 
of the entrants had transferred to other 
curricula or institutions. Other evidence 
indicates that a majority of such transfers 
graduate. 

It may be concluded from these data 
that from 40-45% of the full-time en- 
trants to engineering schools in recent 
years have graduated from the institu- 
tion of original entry, but some 12% have 
required more than the normal 4 or 5- 
year period to secure the B.S. degree. 
Transfers to other curricula or institutions 
are likely to add another 10-15% of the 
original entrants to the number receiving 
degrees in engineering or some other 
field, making a total proportion of 50- 
60%. This ratio seems to be of the same 
order of magnitude as the 57% ratio for 
men in all curricula given above. It 
should be recognized, however, that such 
a ratio for engineering students should 
be somewhat higher in view of the more 
rigorous admission standards in most 
engineering schools. 


B. Reasons for Attrition among Engi- 
neering Students 


The Iffert study covering students in 
all curricula during the Korean crisis 
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TABLE I 


Ratios oF 1957 ENGINEERING GRADUATES TO ORIGINAL COMPARABLE ENTRANTS 





IN 59 INSTITUTIONS AND AS ESTIMATED FOR ALL E.C.P.D. Scuoots! 

















Type of Number of _ Ratio Total Ratio Applicable? No SA oe 
Control Institutions Grads to Freshmen | Grads to Freshmen St a te = 
. Normal Extended? 
Survey Sample 
Public 27 51% 38% 21 58% 42% 
Private 32 67% 57% 27 82% 18% 
Total 59 57% 45% 48 1% 29% 
All E.C.P.D. Schools 
Public 78 48% 36%! No estimate attempted 
Private 64 65% 55% 
Total 152 53% 42% 

















1A few institutions reported for the 4-year period 1954 to 1958. For institutions with 5-year 


programs, entrants of 1 year earlier were used. 


2 After deduction of graduates from other curricula, junior colleges, and those securing degrees 


through evening study. 


Transfers from other engineering schools were not deducted. The remainder 


should give the number of graduates from the comparable freshmen in this group of institutions. 
3 Graduated after more than 4 years of academic work, in addition to summer make-up courses 


(more than 5 years of programs in that length). 


4 Using the same ratios of total graduates to freshmen as in the survey sample. 


48% X 38/51 = 36%.) 


(1950-54) found entry into military 
service as the most important reason for 
separation from college according to the 
students’ reports, followed closely by 
academic difficulties and financial diffi- 
culties, with lack of interest in studies 
of nearly equal importance. 

The Educational Testing Service report 
for engineering students indicated that, 
of all separations, one-quarter were 
dropped for academic reasons, almost an 
equal proportion withdrew with failing 
standing, and most of the remainder 
withdrew in good standing. Of all with- 
drawals, about one-half expected to 
change curricula, with other reasons 
scattering. 

This Committee’s survey requested the 
deans to give their opinions concerning 
reasons for losses. Table II shows its 
results. 

The problem of legal requirements for 
admissions, of course, was confined to the 
publicly supported institutions. Those 


institutions also place somewhat greater 
emphasis on the lack of adequate motiva- 
tion and inadequate high school counsel- 
ling as reasons for loss in freshman year 
and on financial difficulties in the later 





(For example 


years. 
ies cited, only that by Iffert for the Office 
of Education indicated that financial prob- 
lems were one of the major reasons for 
dropout. 

Another part of the Committee’s in- 
quiry sought information concerning the 
mental ability level, as determined by 
aptitude tests, of the engineering fresh- 
men and the trend in this respect over 
the past few years. Returns were too 
limited and varied in character to permit 
any quantitative summary. They tended 
to confirm, however, the general impres- 
sion that the ability level of such fresh- 
men was appreciably higher than that of 
freshmen in other curricula and that this 
level was rising as the result of tightened 
admission standards. In a few institu- 
tions, the level of ability reported was 
extremely high. The effort in the Com- 
mittee’s survey to secure the deans 
opinions concerning the all-round calibre 
of the students dropping out was far 
from successful because of lack of preci- 
sion in the question on this point. The 
usable replies secured indicated that in 
the majority of the public institutions, 
relatively few of the dropouts were cot- 





Generally, however, of the stud- | 
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sidered to be potentially competent engi- 
neers. Other public institutions, how- 
ever, and the majority of the private 
institutions indicated that a substantial 
proportion of such men did have the in- 
tellectual ability needed but that many 
of them lacked the determination, inter- 
est and drive to succeed. 

In general, the evidence secured por- 
trays a broad pattern about as follows: 


1. Although the admission procedures 
of a majority of the institutions provide 
a basis for selecting students with the 
requisite mental ability, we are not yet 
capable of identifying drive, the extent 
of interest or the ability to overcome 
severe obstacles. 

It appears that many students have 
never recognized the necessity for hard 
work, have failed to develop habits of 
genuine work and have had no experi- 
ence in facing and overcoming failure. 
In addition, students often have extremely 
inadequate knowledge of the demands of 
the engineering curriculum or the char- 
acteristics of the engineering profession. 
At least until 1958, too many were at- 
tracted to the field by the impression of 
severe shortages and the lure of high 
pay. 

2. The practice of admitting young 
men 17 or 18 years of age to a specialized 
and demanding professional curriculum 
raises a fundamental question concerning 
the identification and stability of interest 
at that stage of maturity. The recent ex- 
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perience of a large state institution with 
a highly selected freshman class provides 
a striking example of unstable interests. 
There, 20% of the entering freshmen left 
the engineering school before the end of 
the first semester but four-fifths of them 
transferred to other curricula of the uni- 
versity. Many of these students had 
selected engineering because of their de- 
sire to attend the university in question 
and its reputation for engineering, or be- 
cause of family influence. Their most 
usual reason for leaving engineering even 
at this early stage was poor grades, but 
over half decided they did not like engi- 
neering or preferred another field. 

At later stages in their college careers, 
particularly in the universities, some stu- 
dents with outstanding qualifications are 
impressed by the variety of avenues to 
opportunity and feel confined by the rigid 
engineering curriculum. In some cases, 
they are disappointed in the content of 
the humanities and social science courses 
and question whether they are receiving 
a broad education. 

3. Young people in later adolescence 
are likely to face periods of emotional 
conflict which may seriously impair, for 
the time being, their academic perform- 
ance. The engineering curriculum, in 
particular, demands such continuous ap- 
plication that it is often impossible to re- 
cover from interruptions of this kind. 

In most institutions, the increased pace 
and severity of requirements begin im- 


TABLE II 


CausEs OF STUDENT LOSSES FROM ENGINEERING SCHOOLS 
(OPINIONS OF 92 DEANs—May, 1958) 











( 
( 
( 
( 





Loses in Freshman Year ca 
(a) Students’ lack of effective work habits 30 26 72 
(b) Students’ lack of adequate motivation 23 20 71 
(c) Lack of effective predictive devices 5 12 43 
(d) Inability to adjust to college 2 13 50 
(e) Legal requirements for admission + 0 16 
(f) Poor preparation (write-in) 5 2 18 
Later Losses 
a) Lack of genuine interest in engineering 35 24 74 
b) Lack of ability for advanced subjects 33 21 70 
c) Financial 8 17 61 
d) Health, instability, family 3 15 51 


——___. 
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mediately in freshman year without what 
some educators feel is the needed break- 
in period. Freshman physics in particu- 
lar is often used as a means of “separating 
the men from the boys” or has been 
characterized as a “snow job” which kills 
motivation. Not infrequently, it results 
in failure by some students who, after 
repeating the course, do well in their 
later work and even in graduate school. 


Ill. Current Trends 


The foregoing data on graduation rates 
were taken from studies which followed 
individual students over a four-year pe- 
riod and an attempt to approximate the 
rates obtained by such a study by elim- 
inating numbers of degrees to transfers 
and part-time students. 

Another method of analyzing the cur- 
rent situation on a gross basis, which in- 
cludes the effect of transfers from junior 
colleges and other curricula and the 
number of degrees given to part-time 
students, is to compare the regular en- 
rollment of each class in two successive 
years, for example, of this year’s sopho- 
mores with last year’s freshmen. 
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Table III gives the results of such an 
approach for the years since 1954. 

The progressive decline in these ratios 
from 1955 to 1958 and the magnitude of 
its effect on the cumulative ratio seem 
distinctly serious. The lower recent 
ratios already have reduced the present 
sophomore, junior, and senior classes be. 
low expected levels. Unless there is , 
much greater improvement in retention 
rates than the modest one shown for 
1959, future numbers of graduates wil 
be affected severely. Although the de. 
cline from 1957 to 1958 may well have 
been due to factors responsible for the 
decrease in freshman enrollment, that of 
the year before also was quite sharp at 
least at the freshman-sophomore level. 
Increased delays in earning degrees be. 
yond the four-year period would affect 
the senior-degree ratio and a minor in- 
fluence here has been the small increase 
in fifth-year enrollments. 

The direction and magnitude of this 
trend up to 1958 seemed to make it im- 
portant to identify the type of institution 
primarily involved and the factors re. 
sponsible. For this purpose, enrollment 


TABLE III 


PERCENTAGE OF RETENTION WITHIN INDIVIDUAL CLASSES 
oF E.C.P.D. ScHoots in Two SUCCESSIVE YEARS! 














Actual Ratios Estimated 
Cumulative 
Freshman to | Sophomore to Junior to Senior to B.S. a2 Denes 
Sophomore Junior Senior Degrees a 
1954 to 1955 79% 90% 97% 89% 62% 
1955 to 1956 79% 90% 97% 84% 58% 
1956 to 1957 73% 88% 6% 82% 50% 
1957 to 1958 68% 84% 93% 82% 44% 
1958 to 1959 70% 84% 93% 85% 47% 




















credited Institutions—1958, JouRNAL, Vol. 49, No. 6, 1959 and comparable 1959 data.) 


2 The estimated cumulative figure is an artificial one in the sense that it does not apply to any} 
It shows what would occur to any class which experienced through a fou) 


particular entering class. 


year period the rates applying to each year shown but does not fully reflect bachelors’ degrees earne!)” 
after the close of that period. The trend in this cumulative ratio does show accurately the relativt) 
total effect of the annual rates. 
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TABLE IV 
DECREASES IN FALL ENROLLMENTS BETWEEN FRESHMAN AND SOPHOMORE YEAR 
1956 To 1957 CoMPARED WITH 1957 AND 1958 
Decrease % of Freshmen Added Decrease 
Number of 
Institutions 
1956 to 1957 | 1957 to 1958 1956 1957 Number % of Fresh. 
al E.CP.D: 1st" 18,063 21,677 2E2 32.4 3,614 5.2 
Special group 51 9,717 13,961 30.7 41.5 4,244 10.8 
Public 33 8,632 12,399 31.9 42.8 3,767 10.9 
Private 18 1,085 1,562 23.8 33.2 477 9.4 

















1Tn 1956, 153 in 1958. Adjustment for changes would tend to raise all figures in first 4 columns 


slightly. 


were tabulated for all E.C.P.D. institu- 
tions, except a few very small or purely 
military ones, in such a way that for 
1956-57 and 1957-58, the decreases in 
classes in these successive years could be 
determined. From this tabulation were 
selected, by inspection, institutions in 
which the decreases in the sophomore 
class of 1958 from the freshman class of 
1957 were distinctly greater than the 
corresponding decrease in 1957 over 
1956. Both public and private institu- 
tions were included although, largely be- 
cause of their size, the numbers involved 
in the public institutions were much 
greater. Table IV gives the results of 
these comparisons. 

It is immediately apparent that the 
additional decrease in these selected in- 
stitutions, even the public ones alone, 
was greater than for all E.C.P.D. institu- 
tions. Although others undoubtedly had 
greater decreases from 1957 to 1958 
than for the previous year, all others com- 
bined had smaller decreases in the later 
year. 

Ten of the public institutions had en- 
gineering freshman enrollments in 1957 
of over 1,000 and all had such ehroll- 
ments of over 300. Twenty of them 
were in the middlewest and south, with 
the others scattered. Although the total 
increase in freshmen in all E.C.P.D. in- 
stitutions between 1956 and 1957 was 
only 660, freshman enrollments in these 
institutions increased 2,000, or about 
12%, in that year, and it seems quite 
possible that much of this increase repre- 
sented students without appropriate apti- 


tudes and interest. 


The private institutions varied widely 
in size. Ten of the 18 were in the east. 
Their 1956 and 1957 freshman enroll- 
ments were almost exactly equal. 

In order to determine the deans’ opin- 
ions concerning the reasons for increased 
attrition at this point in these institutions, 
the returns secured by the Engineering 
Manpower Commission in response to its 
January 1959 survey of freshman enroll- 
ment trends were examined. One ques- 
tion concerning attrition had been in- 
cluded in this survey and it was assumed 
that reasons given for it generally would 
usually apply to the freshman-sophomore 
losses. Ten of this group of institutions, 
however, had not replied to the E.M.C. 
questionnaire and these represented 24% 
of the total additional decrease in the 
later year covered. Nineteen others, 
representing 28% of that decrease, had 
replied but stated that no increased at- 
trition had occurred. In most of these 
cases, the additional losses had been 
largely confined to the freshman-sopho- 
more sequence but in some, the enroll- 
ment figures indicated that other classes 
had been affected. 

Of the 22 institutions in the group stat- 
ing that increased attrition had occurred, 
six, all publicly supported, ascribed it 
primarily to “application of higher scho- 
lastic standards”; seven to concern about 
“rigors of an engineering curriculum,” 
four to reports of “diminishing employ- 
ment opportunities in engineering,” and 
four to various other causes. Of the ad- 
ditional decreases in enrollment occur- 
ring in these 22 institutions, about 44 
each occurred in the institutions giving 
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TABLE V 
DESIRABLE MEASURES TO REDUCE STUDENT LOSSES 
Greatest Next Total 
Importance Greatest Mention 
(a) Better admissions procedure 32 13 60 
(b) Better counselling and personnel services 18 28 58 
(c) More understanding and stimulating teaching 19 17 56 
(d) More adequate high school counselling! — — 9 
(e) Increased financial aid — 9 














1 The first three items were listed on the questionnaire. 


the first two of these reasons, about % 
each in those in the last two categories. 

About 30 additional institutions re- 
ported to the E.M.C. that they had ex- 
perienced increased attrition in the past 
year. Enrollment data were not ex- 
amined for the 12 non-accredited insti- 
tutions in this group. Such data, for the 
E.C.P.D. institutions included, indicated 
that their increased attrition was quite 
moderate. On the basis of all affirmative 
replies to this question, the E.M.C. re- 
ported “concern about rigors of an engi- 
neering curriculum,” “increased interest 
in other scientific fields,” and “reports of 
diminishing employment opportunities 
in engineering,” in that order, as the pre- 
dominant reasons given for increased at- 
trition. In public institutions, however, 
“application of higher scholastic stand- 
ards” ranked as most important. Al- 
though “decreased ability to finance an 
engineering education” ranked below the 
other reasons in the E.M.C. tabulation, it 
was listed as important by a substantial 
number of the deans replying. 

In the special group of institutions in- 
cluded in Table IV, the 1958 to 1959 
loss between freshman and sophomore 
year decreased from the 1957-58 rate of 
41.5% to 38%. In the private institu- 
tions in this group, this rate dropped 
from 33% to 26%; in those publicly sup- 
ported from 43% to 40%. These rates 


still are appreciably higher than the 
1956-57 comparable rates for the same 
institutions. 

For the sophomore-junior sequence, 
the additional decrease in 1957 to 1958 
as compared with 1956 and 1957 totaled 
1,657 for all E.C.P.D. institutions. About 





The last two were write-ins. 


one-half of this occurred in 5 institutions, 
4 public and 1 private, in which the 


junior enrollment in 1957 was greater | 


than or at least equal to the sophomore 
enrollment of 1956 due to the number 
of transfers from junior colleges or other 
curricula. In 1958 the increase was either 
sharply reduced or an appreciable de. 
crease was shown. Apparently, there. 
fore, reductions in the numbers of new 
entrants to engineering at the junio 


rather than freshman level substantially | 


affected the latest retention ratio at this 
stage. It may be concluded that the 
same factors which caused the decreas 
in freshman enrollments were responsi 
ble, at least in part, for this decline. 
Since the fall of 1958, these same factors 
apparently have still been influential 
since only a nominal increase has oc 
curred in the relative numbers of 1959 
juniors and 1958 sophomores. 


IV. Suggested Measures for 
Improvement 
The Committee’s questionnaire to the 


deans in May 1958 asked their opinion 
concerning the relative importance 








certain ways to reduce student attrition 
Table V presents the results of this it 
quiry. 

Despite the larger number of fits| 
importance votes for better admissions 
procedure, it seems clear that each of the 
listed items, as well as others, is consid: 
ered important. 

Measures reported as actually taket 
include most often efforts to improv} 
counselling and raising of admissid 
standards, with introduction of achieve 
ment tests in mathematics and English i 
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a number of cases. Other measures each 
mentioned by 2-4 institutions include 
(a) improved orientation of freshmen, 
(b) remedial courses in reading and 
mathematics, (c) freshman tutoring, (d) 
participation in high school advisement 
programs, (e) efforts to improve teaching 
or curriculum. Very few institutions 
were able to point to tangible evidence 
of reduced losses. In many cases, the 
measures undertaken were too new to 
expect definite results. 

As anticipated, it is apparent that only 
a number of different measures, some of 
them difficult to make effective, will lead 
to substantial improvement in this area. 
Most, if not all, of these measures have 
been recommended before. In particu- 
lar, the recent reports of the E.C.P.D.’s 
Committee on Student Development state 
very well many of the fundamental ap- 
proaches needed. The following recom- 
mendations of the present Committee 
merely reinforce the conclusions of others. 


1. Where this is not already a matter of 
routine, each engineering school should ex- 
amine annually its enrollment figures for 
individual classes in successive years, ad- 
justed for numbers of transfer students ad- 
mitted, to determine current trends in re- 
tention rates. Periodic follow-up studies of 
a freshman class through four years will pro- 
vide more exact but less timely information. 
Adequate information concerning reasons 
for student withdrawals is important for in- 
terpreting the statistical data. 

2. Every means available should be em- 
ployed to provide high school students, their 
parents, and teachers and counsellors with 
a better understanding of the nature, require- 
ments, and rewards of an engineering career 
and the nature, values, and difficulties of an 
engineering curriculum. In particular today, 
there is needed better appreciation of the 
distinctive contributions of engineering and 
of science to recent technical developments 
and of the common and different educational 


preparation needed for success in careers in 
those fields. 
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In this connection, stress should be laid 
on the importance of high standards of 
scholastic performance as preparation for 
full success in further education and later 
career. 

3. Further refinement of admissions pro- 
cedures is needed with additional emphasis 
on evidence of achievement as well as of 
aptitude. In particular, better measures for 
identifying the important non-intellectual 
traits requisite for success are badly needed. 
The College Entrance Examination Board 
and the Educational Testing Service are now 
carrying on special projects for this purpose 
and it is hoped that the results may make 
substantial contributions to the solution of 
the problem. Pre-registration orientation pe- 
riods, including parents as well as students, 
can reduce ill-advised selection of engineer- 
ing. 

4. Student advisory and personnel serv- 
ices, both through faculty members and cen- 
tralized offices, should be strengthened. In 
some institutions, such services are quite 
complete, but all institutions should seek a 
way to provide both a friendly counsellor 
near at hand and more professional assistance 
when required. Those providing such serv- 
ices should be able to secure information 
concerning problems which numbers of stu- 
dents are encountering and help to provide 
the assistance needed to alleviate them. 
For freshmen, competent student advisers 
often can effectively supplement staff ad- 
visers. 

5. There is essential the maintenance of 
the optimum balance between the prepara- 
tion of highly competent future engineers 
and graduation of the maximum number of 
such engineers from the freshmen admitted. 
Curricula and teaching methods must be 
examined constantly from this viewpoint. 
Losses of students of high calibre are espe- 
cially serious. Particularly in the freshman 
year, student loads, course content, and 
grading practices are of critical importance. 
Breadth of education should be provided 
and opportunities for flexibility made avail- 
able. Of paramount significance is teaching 


which is not only effective and stimulating 
but understanding of the student and his 
problems. 











SPONSORED BY THE NATIONAL SCIENCE FOUNDATION IN COOPERATION 
WITH FIFTEEN PROFESSIONAL SOCIETIES 


The pace of progress of our whole emerg- 
ing pattern of scientific and technological de- 
velopment depends largely upon our ability 
to bring forth research people who can leap 
ahead to the goals of larger ultimate conse- 
quence. However, it is clearly evident that 
the rigidities of a highly structured society 
have erected formidable barriers to this kind 
of originality of thought and independence 
of effort. Most of our research effort is con- 
cerned with small extensions of existing 
knowledge in well traveled fields. This mas- 
sive frontal attack is essential to technolog- 
ical and industrial progress. But, by its very 
nature, most of this research has virtually 
no promise of leading to discoveries which 
will open doors to promising new fields of 
scientific or technological exploration. 

Can we now find ways of creating those 
conditions which will give more of our 
talented youth a new lease on the future— 
a new zeal for the pursuit of distant goals 
that might lead to highly significant dis- 
coveries in science and technology? Those 
who participated in this conference believe 
that we can. However, this can be achieved 
only if we are willing to abandon orthodoxies 
and discard outworn traditions. It can be 
achieved if we are willing to bring the full 
force of our institutions to bear upon gain- 
ing a much higher degree of liberality of 
thought, a closer association of youth with 
the great minds of our times, and an en- 
vironment which will encourage youth to 
strike out boldly for the goals of great vision 
and great promise. 


ARTHUR BRONWELL 
Conference Chairman 


Our nation’s scientific and technolog- 
ical progress could be greatly accelerated 
if conditions more favorable to achieving 
bold, imaginative pioneering in basic re- 
search and in technological innovation 
could be realized. This was the conclu- 
sion of a conference on “Research Goals,” 
sponsored by the National Science Foun- 
dation and held in cooperation with fif- 
teen leading scientific and engineering 
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societies in the Olin Hall of Physics at 
Worcester Polytechnic Institute, Decem. 
ber 3-4, 1959. The two-day conference 
was attended by 51 participants, includ. | 
ing college presidents, deans, and direc. 
tors of research of some of the nation’s | 
largest companies. 

The vigorous promotion and_ support 
of research by the colleges, industry, and 
government during the past two decades 
has been, beyond a doubt, one of the 
most revolutionary and far-reaching in 
novations in American history. But, with 
the growth in the size and complexity of 
research, there have arisen problems of 
great consequence to our nation’s scien. 
tific and technological progress which | 
need critical and objective study. 

Progress in science and technology has 
made its greatest strides as a consequence 
of a relatively few individuals whose orig. 
inality of thought and brilliance of 
achievement have blazed new trails lead. 
ing to discoveries of major consequence. 
They have been the pace setters who 
have given new directions to man’s é- 
forts, new goals to science and eng 
neering. 

But modern research, also requires the 
amassing of enormous amounts of de 
tailed scientific and technological know 
edge. Because of this, it is easy for re 
search people to become preoccupied 








with goals of relatively small dimension! 
which, by their very nature, have litte! 
promise of leading to significant dis! 
covery. In the aggregate much of Lg 
knowledge is essential for progress. li! 
the long run, however, progress will bf 
influenced far greater by those excep) 
tional individuals who can cut throug 
the maze of detail and strike out wil 
vigor and originality for goals that migil) 
lead to significant breakthroughs. ; 

Today our nation’s leadership in st) 
ence and technology increasingly is bee 
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ing challenged by foreign competition. 
There are many who seriously question 
whether our advance in basic science is 
commensurate with the needs of our 
growing technology. Furthermore, it is 
clearly evident to those who are active 
on the scientific frontiers that technology 
has only begun to exploit the possibilities 
inherent in the basic sciences—that there 
are limitless possibilities of new technol- 
ogies growing out of science which are 
as yet relatively unexplored. Yet new 
frontiers in both science and technology 
emerge slowly, despite the enormous in- 
crease in research expenditures. 

This conference was held in an effort 
to gain a clearer understanding of influ- 
ences which guide youth in the selection 
of their research goals and to explore 
what can be done to encourage a more 
venturesome pioneering research spirit 
which will reach out for goals of larger 
ultimate consequence. 

The specific question posed was: “How 
can young research scientists and engi- 
neers be brought more stimulatively, im- 
aginatively, and creatively into contact 
with the frontiers of science and technol- 
ogy in such a way as to accelerate sig- 
nificant discovery, both in the advance- 
ment of science and in the translation of 
science into new technology?” 


Basic Issues 


First, there are many forces acting 
upon the young researcher which cause 
him to veer in the direction of con- 
servatism. They begin in education and 
continue on through the doctorate theses; 
they are inherent in the way in which 
research is structured and supported; 
they appear in the lack of mobility of the 
scientific and engineering societies. Be- 
yond all of these, there are also the 
strongly deterrent forces of our social and 
cultural environment which discourage 
distinctive effort and originality of 
thought. These influences tend to cause 
young research scientists and engineers 
to undertake research work aimed at 
small steps in the extensions of knowl- 
edge and to discourage the long leaps so 


degree of creative originality. While the 
dogged persistence of this kind of re- 
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search is making progress, much more 
rapid and efficient progress might reason- 
ably be expected if there were greater 
encouragement for more of our young 
people to reach for the distant goals. 
Second, our colleges and universities 
seriously need to take a larger view of 
scholarly research. An entrenched aca- 
demic conservatism has developed which 
causes most of our talented graduate 
students and young faculty members to 
select research projects which seek to 
piece out small voids of knowledge, 
rather than to lead out boldly into new 
adventures which might have promise of 
significant discovery. This “hole plug- 
ging” research has value in that it con- 
tributes to the totality of knowledge, but 
individually much of it is destined to be 
of small ultimate consequence. To be 
sure, occasionally that which starts out 
to be seemingly inconsequential some- 
times develops into discovery of great 
moment. But this invariably is achieved 
by those exceptional individuals who 
have the inquisitive mind and the com- 
petence and persistence to drive it 
through to its larger consequences. 
Research effort tends to cluster around 
certain localized areas which become 
well populated and self-perpetuating. In 
each of these areas there develops a 
community of interest which provides a 
strong attraction to the young researcher. 
In the meetings of the scientific and en- 
gineering societies he finds a prolific num- 
ber of papers and publications devoted 
to these clustered areas and in this he 
finds vindication for his choice. In the 
early stages, such clusters are rich in op- 
portunities for discovery and innovation. 
This is heightened by the inter-action 
and mutual stimulation of fertile minds 
in a rapidly developing field. However, 
such clusters tend to outrun their promise 
in that the possibilities for major innova- 
tion diminish, but they have created large 
skeletal frameworks which need to be 
filled in to make the structures techno- 
logically useful and thus they continue 
to attract large followings. The support- 
ing structures of technological research 
are essential to reduce new technologies 
to commercial application and they cer- 
tainly are not to be deprecated. But, if 
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we are to achieve a high rate of genera- 
tion of new ideas, it is imperative that 
our colleges and universities encourage 
more of the bold venturing forth into un- 
tried areas outside of the popularized 
clusters. 

Third, in our college educational pro- 
grams the student seldom gets any ap- 
preciable depth of creative experience, 
yet this is the very essence of the crea- 
tive process. The bodies of knowledge 
have grown so large that our educational 
processes have tended to become largely 
factual and analytical, rather than crea- 
tive. Consequently, the student gains 
very little experience in taking hold of 
new and novel situations of a scope 
which tax his resourcefulness and in- 
genuity. The student should be chal- 
lenged with creative experiences through- 
out his entire educational program. He 
should be brought creatively and im- 
aginatively into contact with the frontiers 
of knowledge so that he will gain an ap- 
preciation for the dynamic qualities of 
knowledge. 

Fourth, young research people, after 
they get started in a line of research, ‘are 
prone to follow this wherever it will lead 
them, without examining their purpose 
in a larger context. The truly creative 
person develops a certain adroitness in 
continuously reassessing alternatives and 
goals so that he travels an expeditious 
path to ultimate accomplishment. This 
ability to assess directions and goals in- 
telligently is an individual trait, but it 
can often be enhanced by association 
with creatively-minded people. It is an 
essential but often neglected part of edu- 
cation. 

Fifth, there is need for developing 
much more effective means for the com- 
munication of ideas. A great teacher 
can have a profound influence in passing 
on to young people philosophical ideas 
and inspiration which will start some of 
them on the road to great adventure. 
Generally speaking, this association of 
fertile, imaginative minds has been the 
genesis of much of our progress in the 
evolution of ideas. But, except for the 
teacher-student relationship, we have not 
found very effective means whereby lead- 
ing thinkers of our times can project 
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ideas, inspiration, and methodology to 
youth. We need seriously to explore 
more effective ways of bringing talented 
youth into stimulative personal associa. 
tion with great leaders of our times. 
The scientific and engineering societies 
have not often indulged in philosophical 
explorations of the future. An individual 
can report on completed research. But 
if he attempts to project ahead specula- 
tively, even though he be a leading 
authority, he may find himself regarded 


as acharlatan. Yet this philosophical as. | 
sessment of the future may be the very | 
experience that would captivate the | 


minds of eager, talented young research. 
ers and trigger some of them off in the 
bold pursuit of new ideas. 

The scientific societies have inclined to 
more of these philosophical programs 
than the engineering societies. Invari- 
ably these have been well attended, 
highly provocative, and _ stimulative of 
widespread discussion. They lift the 
sights to higher levels of conceptual 
thought. It is believed that more of 
such programs, particularly in the engi- 
neering societies, calling upon leading 
thinkers of the times to project their 
ideas ahead, could be highly instrumen- 
tal in getting young research people 
started on the road to more promising 
and original goals. 

Sixth, the engineering societies need to 
give serious consideration to enlarging 
their scope of responsibilities so as to 
penetrate deeper into the sciences. En- 
gineering more and more is becoming it- 
terdisciplinary. Increasingly, the various 
branches of engineering are drawing 
upon science as well as other advanced 
technologies for their innovations. The 


engineering societies have largely con-| 


fined their attention to areas dealing with 
those scientific and technological prit- 
ciples which have “proven” utility value. 
This policy can be short-sighted. Today 


it should be clear beyond all doubt that | 
there are enormous possibilities outside | 
of the “proven” areas and that these wil | 
profoundly influence technology of the| 
The slow diffusion of science} 
into engineering and the difficulties of} 
achieving effective cross-fertilization be” 
tween different disciplines are reason” 


future. 
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why new centers of research are slow to 
emerge. In certain cases where clear-cut 
military gains have been recognized, gov- 
ernment financing on focussed objectives 
employing new applications of scientific 
principles has achieved truly phenomenal 
results. Radar, atomic energy, and servo- 
mechanisms are illustrations of what can 
be done. 

The reaching out into unproven areas 
of basic science, of course, must start 
with individual volition and effort. <A 
professional society cannot initiate a new 
field of research. But it is believed that 
the engineering societies, by providing a 
much more encouraging environment for 
papers, discussions, and publications be- 
yond the proven areas, could go a long 
way in developing a vigorous, enthusias- 
tic avant gard of research people who 
are reaching into the unknown. This 
will call for far more effective working 
relationships between scientists and en- 
gineers than have been achieved in the 
past. 

The fact that numerous splinter so- 
cieties have been formed in recent dec- 
ades should be clear evidence that this is 
a severe and growing problem. Today, 
a few of the splinter societies are as large 
as the parent societies from which they 
emerged. As was pointed out, each 
splinter society indicates an inadequacy 
in existing societies to fulfill a dire need— 
a need which has existed for years until 
enough pressure has built up to create 
the new society. The influence of engi- 
neering societies in pioneering a new field 
can be great. But it is not enough merely 
to adjust long after the pioneering work 
has been done. They must develop the 
kind of forward-looking spirit that gives 
full force to pioneering effort and expres- 
sions in the early stages. Entrenched 
conservatism can be a powerful obstacle 
to progress. Every engineering society 
should have among its members that 
priceless quality of open_and challenging 
minds exploring the distant goals. Ex- 
perience again and again has shown that, 
given encouragement, some of these dis- 
tant goals can materialize surprisingly 
fast. 

Seventh,. the essence of creativity is 
an environment of freedom, encourage- 
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ment, and opportunity: freedom of the 
individual to try out his own ideas; en- 
couragement to reach for the distant 
goals; and opportunity to gain that 
matchless inspiration and stimulation that 
comes from personal association with 
great leaders in thought and accomplish- 
ment. 

In our structured research programs, 
that is, in the sponsored research projects 
in the colleges and universities and in the 
directed research efforts of industrial and 
governmental laboratories, freedom is so 
often bounded by the objectives of the 
immediate program. In such an environ- 
ment, the individual usually resigns him- 
self to the directed program, rather than 
develop ideas of his own. Furthermore, 
the long leap may require years of pains- 
taking effort and even then it is more 
likely to fail than succeed. If it does 
succeed, it may not fit any of the objec- 
tives of a structured organization. If the 
project needs financial support, it is likely 
to be regarded as too far-fetched to be 
economically justifiable. All of these de- 
terrents may perhaps be summarized in 
the statement that freedom and oppor- 
tunity of a kind that will encourage the 
high-risk research effort usually run con- 
trary to the objectives of organized and 
directed research programs, hence they 
are sacrificed on the altar of expediency. 

Eighth, Parkinson’s law is an effective 
deterrent to originality in research. With 
the growth in size and number of staff, 
there comes a multiplication of the man- 
agerial functions, often falling upon the 
shoulders of the more able research peo- 
ple. This administrative burden deadens 
the research sensibilities of those who 
could be most productive. The top man- 
agement of research must be vested in 
highly competent scientists and engi- 
neers. There should be no compromising 
of this issue. But the organization should 
be staffed in such a way as to handle the 
administrative work efficiently without 
excessively burdening the management. 

The following are specific recommen- 
dations prepared by a Resolutions Com- 
mittee of the Conference, addressed to 
the colleges and universities and to the 
scientific and engineering societies. 
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Recommendations to Colleges 
and Universities 


1. Develop educational programs which 
require the student to exercise a high de- 
gree of originality and independence of 
thought. Challenging problems of ap- 
propriate complexity which require the 
student to call upon his knowledge of 
scientific and engineering fundamentals 
and in which he must choose among 
many possible alternatives can be highly 
effective in giving the student creative 
experience. However, this should be de- 
veloped as an integral part of the under- 
graduate and graduate educational pro- 
grams. This kind of mental facility can- 
not effectively be acquired in a single 
course. 

Educational programs which are too 
strongly departmentalized do not give the 
student the larger perspectives which are 
essential for a wide range of imaginative 
thought and a greater probability of crea- 
tive success. A number of participants 
commented that the individual who has 
a diversity of educational background, 
with adequate depth, often is the most 
creative. 

2. Invite leading scientists and engi- 
neers to meet with students. The infu- 
sion of ideas and inspiration by personal 
association with leading thinkers of our 
times in seminars and other ways can 
greatly enlarge the student’s horizons. 
This association should be as personal as 
possible and preferably over a reasonably 
extended period, rather than short and 
cursory. 

3. Doctoral research should encourage 
more venturesome attitudes. The gen- 
erally accepted requirement that a doc- 
torate student must complete a specified 
research goal causes students to retrench 
into “hole plugging” research. It is prob- 
able that more graduate students would 
reach out for the more distant goals 
where the possibilities of significant dis- 
coveries might be greater if they were 
given more encouragement. A graduate 
student who undertakes such a _long- 
range project and who exercises a high 
degree of originality, with persistence 
and application of effort, should not be 
penalized by failure to complete the dis- 
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tant objective. Rather, he should be 
judged on having achieved a reasonable 
measure of accomplishment even if he 
doesn’t get the ultimate answers. 

4. Develop institutional policies which 
provide an encouraging environment 
for venturesome research. This starts 
with faculty members who themselves 
are highly creative and who can impart 
to students inspiration for the pursuit of 
knowledge. An intellectual and _ schol. 
arly environment in which faculty and 
graduate students are contributing to the | 


advancement of knowledge provides the | 


most fertile ground for the germination | 
of ideas. Research should be self-in. 
spired by the faculty or graduate student, 
There should be 


risk projects. Generally speaking, col- 
lege and university research should be of 
such a nature as to contribute signif- 
icantly to the educational function of the 
institution. 

5. Develop closer liaison between cdl- 
lege, industrial, and governmental re. 
search organizations. Faculty member! 
and graduate students can benefit greatly | 
by association with leading research sci- | 
entists in industrial or governmental or 
ganizations, either in summer employ-| 
ment or in more extended employment 
opportunities. Likewise scientists in in 
dustry could benefit by returning to col- 
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generous encourage: F 
ment and financial support for the high | 





lege for studying under some of the lead- 
ing educators. 
6. Encourage undergraduate and gra | 
uate students who have novel, creative! 
ideas to pursue the development of thes 
ideas and help them to obtain financial 
support. Research apprenticeships where: 
by undergraduate students work on col} 
lege research projects often provide valt- | 
able creative experience. r 
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Recommendations to Scientific 
and Engineering Societies 
1. Establish more effective practices 


which will increase the attendance and” 


participation of talented, young membes 
at meetings of scientific and engineerin} 


societies. Develop programs which wil! 


bring these young people into stimulative| 
personal association with leading scier! 
tists and engineers. 
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9. Encourage the presentation and 
publication of papers of a philosophical 
nature which look to the future of science 
and technology. Invited speakers, who 
are pioneers in research thought, could 
do much to lift the visions and ambitions 
of talented young people to more prom- 
ising research goals. 

3. Develop comprehensive programs 
for digesting the “state of the art.” 
Young people are confused by the disor- 
ganized state of research knowledge. A 
comprehensive study, now completed as 
a project of the National Science Founda- 
tion, which outlines the state of the art 
and future research possibilities in the 
various fields of astronomy is the sort of 
compilation which could be exceedingly 
helpful in many fields. 

4, Establish society meetings for the 
purpose of developing a more effective 
interchange of ideas between scientists 
and engineers in research areas of broad 
mutual interest. This cross-fertilization 
of ideas among scientists and engineers 
is becoming increasingly important and is 
not nearly as effective as it should be. 

5. Establish free forums at engineering 
society conventions where any member 
can make a short presentation of his cea- 
tive work, allowing the widest latitude of 
subject matter, with no publication re- 
quirement, except in abstract form. 
These presentations should be handled 
without critical review by society com- 
mittees, which occasionally emasculate 
original work. Such sessions are regular 
practice in some scientific societies but as 
yet have not been adopted by the engi- 
neering societies. They provide rapid 
interchange of experiences and a highly 
effective means of bringing current re- 
search to the attention of the society 


© publications. 
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6. Actively promote and encourage 


financial support for research. Consider 
the possibility of the Society itself spon- 


soring research using funds contributed 
by industry. Some trade associations 
have been highly effective in this kind 
of operation. 

7. Recognizing that creativity begins 
in the individual at an early age, foster 


among the Society members a recogni- 
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tion of the contribution which they can 
make individually by stimulating the 
creative development of youth. This can 
be accomplished by undertaking youth 
projects in their own homes, by youth 
programs developed in their business es- 
tablishments, or by other means which 
will encourage young people to develop 
ideas and which will give them the 
means of implementation. 


Support for Research in Colleges 
and Universities 


Our nation’s colleges and universities 
can be our most powerful instruments for 
progress. But they can perform their es- 
sential function only if they have finan- 
cial support adequate to sustain a high 
level of research activity. Basic research 
is an essential and indispensable part of 
the education of scientists and engineers. 
It serves two purposes. It provides a 
fountain-source of fundamental knowl- 
edge, opening up the frontiers to new 
technologies and new industries. It 
serves an even more vital function in 
creating an educational environment 
which is sensitive and alert to the newer 
developments in science and technology. 
By this process it trains young scientists 
and engineers to have the capabilities of 
leading out vigorously and effectively in 
bringing about technological growth. The 
educational values of research in the col- 
leges cannot be underestimated; they are 
vital, imperative, and essential to the 
bringing forth of creative minds. The 
rapidly growing graduate programs in 
colleges and universities throughout the 
nation will inevitably necessitate a rising 
level of financial support for research. 
Furthermore, the precision instruments 
and equipment needed for research today 
often involve large expenditures. Exces- 
sive diversion of basic research funds to 
non-educational laboratories at the ex- 
pense of providing adequate research 
funds for the colleges and universities 
could destroy the creative vitality of our 
colleges and universities. 


Conclusions 


It should be clearly understood that 
the foregoing recommendations, to be ef- 
fective, may necessitate undertaking in 


the professional societies programs which 
are quite different from the customary so- 
ciety operations. They may require fresh 
approaches in developing meetings, pub- 
lications, and other professional activities 
of a more speculative nature which reach 


out beyond the conventional boundaries - 


of a society’s operation and which may 
run counter to the grain of tradition. In 
the colleges and universities it will neces- 
sitate larger visions and goals on the part 
of the faculty and graduate students. In- 
dustry and government likewise are faced 
with problems of optimizing their re- 
search efforts in terms of an adequate 
level of scientific and technological in- 
novation. 

One’s achievements are limited by his 
area of significant contact. If that area 
is narrow, and uninspiring, and conven- 
tional the accomplishments are corre- 
spondingly foreshortened. In research 
that area must constantly be stretched, 
not only by enlarging the scope of know!l- 
edge, but also by explorations into the 
future which will capture the imagina- 
tions of youth. There must be a stimulat- 
ing and encouraging environment which 
will lift the sights and talents of our 
young people so that more of them will 
venture forth courageously and with 
competence to seek out research goals of 
larger ultimate consequence. Experience 
has shown that that which is new and 
exciting today is destined to become com- 
monplace tomorrow. The frontiers will 
shift to something entirely new, not just 
an outgrowth of the old, but something 
which could scarcely have been an- 
ticipated. 

One final recommendation. Large- 
scale research is a relatively new en- 
deavor on the national scene. In many 
ways it still is in its infancy. Our na- 
tion’s research effort is faced with prob- 
lems of large magnitude which need crit- 
ical and objective study. This confer- 
ence has dealt with but one facet of such 
problems. There are many others which 
will profoundly influence our scientific 
and technological growth. It is urged, 
therefore, that the scientific and engi- 
neering societies take the initiative in 
bringing together leaders in education, 
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industry, and government to study these 
problems. It is imperative that such 
studies be approached not in the frame. 
work of preconceived ideas and the pres. 
ervation of tradition, but rather with q 
fresh, new and objective outlook. Ow 
ability to cope effectively with these and 
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pioneering research spirit among ow The 
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Effect of High School Solid Geometry and Mechanical 
Drawing on College Grades in Descriptive Geometry 


LOUIS LONG AND JAMES D: PERRY 


The City College of New York 


From time to time questions are raised 
about the effect of a certain type of 
training in high school upon performance 
in college. It often appears to be true 
that students who have had training in 
a particular area in high school tend to 
do better in some of their college sub- 
jects. This study deals specifically with 
the effect of high school training in solid 
geometry or mechanical drawing upon 
college grades in descriptive geometry. 


The Effect of a Course in Solid 
Geometry on Grades in Descriptive 
Geometry 


The advisors in the engineering col- 
lege have frequently commented on the 
fact that students who have taken solid 
geometry in high school seem to earn 
better grades in descriptive geometry 
(formerly known as Drafting 3) than do 
those who have not taken solid geometry. 
To examine this relationship more closely, 
a control study was undertaken. Since 
those students who took mechanical 
drawing in high school might do better 
in descriptive geometry than those not 
taking mechanical drawing, it was de- 
cided to include in this study only those 


» students who had taken this subject in 
high school. 


The type of high school 


/ attended (science vs. academic) hasbeen 


found to be an important factor in de- 


_ termining the type of work a student will 


do in the School of Technology.t Con- 
. i sequently equal numbers of science 
chanical ae and academic (AHSG) high 
+ Selerindl } school graduates were included in the 
: "’ ‘@study. The two groups of graduates 
~— »were matched on the basis of the Test 
nd Applied © ‘Long, Louis and Perry, James D. Mor- 





tality Study of College Students. School 


and Society, LXXVII (1953), 103-105. 








Battery (using the scores on the several 
tests that go into the Composite,” but not 
using the high school average). Seventy- 
one students were included in each 
group. Among the SHSG, 27 took geom- 
etry in high school and 44 did not. 
Among the AHSG, 31 took solid geom- 
etry and 40 did not. The extent of the 
matching can be judged from Table 1, 
where the means and standard devia- 


2 Tests included in Composite: Scientific 
Verbal Ability (weight of one), Comprehen- 
sion of Scientific Materials (weight of two), 
and General Mathematical Ability (weight 
of two), Louis Long and James D. Perry. 
“Academic Achievement in Engineering Re- 
lated to Selection Procedures and Interests,” 
Journal of Applied Psychology, Vol. XXXVII 
(1953), pp. 468-471. These three tests are 
part of the Inventory of Scholastic Ability, 
developed by Kenneth W. Vaughan, and are 
similar to those included in the original Pre- 
Engineering Inventory (3). 


TABLE 1 


COMPARISON OF H1GH SCHOOL AVERAGES AND 
ENTRANCE EXAMINATION DATA OF 
GRADUATES FROM SCIENCE AND 
AcapEmic HicH SCHOOLS 




















High School] High School 
Variables Gratheaien Gonduates 
(N =71) | (N =71) 
Test Battery Mean 82.32 82.46 
SD 3.79 3.76 
H.S. Average Mean 81.27 82.94 
SD 4.27 4.51 
Q-score of ACE Mean 47.59 46.28 
SD 6.79 7.98 
Total ACE score Mean 114.94 113.63 
SD 16.02 17.62 
Jrl. Eng. Ed. V. 50, No. 8, April 1960 








TABLE 2 


COMPARISON OF HIGH SCHOOL AVERAGE AND PERFORMANCE ON THE ENTRANCE 
EXAMINATIONS FOR STUDENTS WHO Took SoLip GEOMETRY IN HIGH 
SCHOOL witH THOSE WHO Dip Not TakE SoLip GEOMETRY 
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| Science High School Graduates Academic High School Graduates 
Variables — = tae _ r . 

Took Solid No Solid Took Solid No Solid 

Geometry Geometry Geometry Geometry 

(N = 27) (N = 44) (N = 31) (N = 40) 
Test Battery Mean 82.30 82.34 83.00 82.05 Took 
SD 3.90 3.73 oY i 4.33 Non 
H. S. Average Mean 80.81 81.57 83.03 82.88 | ws 
SD 4.41 4.08 4.28 4.67 Visu 
Q-score of ACE Mean 48.26 47.43 46.68 45.70 _ 
SD 6.76 6.72 6.90 8.69 — 
did 
Total ACE score Mean 114.81 115.41 112.42 114.15 the { 
SD 12.94 16.93 17.65 17.77 georr 

—e es = for 

How 
tions for the high school average, the ables presented in Table 2 is statisticaly| 9° 
Q-score of the ACE Psychological Ex- significant. signil 


amination (ACE), and the total score on 
the ACE are presented. Although these 
last three measures were not used in 
matching the groups, the difference be- 
tween the means of the two groups on 
all three variables is not statistically sig- 
nificant; this is additional evidence to 
show the closeness of the matching of 
the two groups. Table 2 presents data on 
the high school averages and the per- 
formance on some phases of the entrance 
examination for those students taking 
solid geometry and for those not taking 
it. None of the differences between the 
means of these two groups for the vari- 


TABLE 3 


COMPARISON OF GRADES IN DRAFTING FOR STUDENTS WHO Took SOLID GEOMETRY IN 
Hicu ScHooL AND THOSE WHO Dip Not TakE SoLtip GEOMETRY 


The mean grades in Drafting 3 fa The 
students who took solid geometry in high! ,,. 
school and for those who did not take’ High 
solid geometry are presented in Table 3) Geon 
The mean grades in drafting are highe}| Th 
for those who took solid geometry tha} first - 
for those who did not take it, regardles 


of whether the student graduated fron we 
a science or an academic high school be : 
but the extent of this superiority is mi} w. x, 
great enough to be considered statistical}! ing Ir 
significant. > 615-6 
An analysis was also made of the ée| gtaphi 
volvin, 


fect of having taken solid geometry it 
high school on a test measuring Spatid 











Drafting Grades 





Mean sD 








Science high school graduates: 
(a) Took solid geometry 
(b) Did not take solid geometry 


Academic high school graduates: 
(a) Took solid geometry 





(b) Did not take solid geometry 
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TABLE 4 


COMPARISON OF GRADES IN DRAFTING 3 AND 4 FOR STUDENTS Wuo Dip, witH THOSE WHO 
Dip Not Take MECHANICAL DraAwInc IN HicH SCHOOL 























Grades in Drafting 
Drafting 3 Drafting 3 a oe lk owe ip 
Mean SD Mean sD 
Took mech. drawing (N = 157) 79.6 10.4 sid 11.7 54 
No mech. drawing (N = 152) 78.2 10.5 75.9 12.5 49 








Visualizing Abilities * given as part of the 
Entrance Examination. Science high 
school graduates with no solid geometry 
did slightly better on the two parts of 


' the test than did those who took solid 


geometry, whereas the reverse is true 
for academic high school graduates. 
However, none of these differences was 
great enough to be considered statistically 


significant. 


The Effect of Mechanical Drawing in 
High School on Grades in Descriptive 
Geometry 

The grades earned by students in the 
first year course in drafting (formerly 


3Test was constructed for City College 
by Kenneth W. Vaughan and is similar to a 
test included in Pre-Engineering Inventory, 
W. Kenneth Vaughan. “The Pre-Engineer- 
ing Inventory.” JouRNAL, XXXIV (1944), 


_ 615-625. The test consists of 24 ortho- 


gtaphic projection items and 32 items in- 
volving rotation of cubes. 











Drafting 3 and 4) during several terms 
(spring 1952, fall 1952, and spring 
1953) were analysed to see whether 
those who took mechanical drawing in 
high school made better grades in draft- 
ing than did those who did not take me- 
chanical drawing. The average grades 
in Drafting 3 and 4 for 157 students tak- 
ing mechanical drawing are presented 
in Table 4 along with the grades for 152 
students who did not take mechanical 
drawing. The difference between the 
means for the two groups is not statis- 
tically significant for either of the two 
college drafting courses. Training in 
mechanical drawing does not appear to 
increase the likelihood of the student 
making better grades in a college draft- 
ing course dealing with descriptive 
geometry. The correlation between the 
grades in the drafting courses is also 
given in Table 4. 

It also semed desirable to investigate 
the effect of training in mechanical draw- 


TABLE 5 


COMPARISON OF PERFORMANCE ON TESTS OF STUDENTS WHO Dip, witH THOSE WHO 
Dip Not TakE MECHANICAL DRAWING IN HiGH SCHOOL 





























ETRY IN eee * 
le Took Mech. Drawing No Mech. Drawing 
sl (N = 157) (N = 152) 
xrades P Value 
Mean sD Mean sD 
sD. — 
— | Spatial Visualizing Ability 
® Part 1 15.10 5.49 9.86 6.38 01 
12.45 § Part 2 13.18 6.79 11.57 6.29 05 
11.32 ; Both parts 28.28 10.53 21.39 11.06 01 
: General Math Ability 42.08 12.42 36.99 12.11 01 
10.95 ® Q-score of ACE 48.15 7.64 48.01 8.21 >.05 
12.90 4 Composite 168.71 7.15 167.71 6.69 >.05 
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TABLE 6 


RELATIONSHIP BETWEEN ENTRANCE TEST SCORES AND COLLEGE GRADES IN DRAFTING 


























Correlation with College Grades 
Took Mech. Drawing No Mech. Drawing 
(N = 157) (N = 152) 
Drafting | Drafting 
Both Both 
| Courses Courses 
3 4 3 4 
Spatial Visualizing Ability 
Part 1 38 34 42 AS A7 54 
Part 2 sae .24 .29 oa: 2 Ais | 
Both parts 39 33 At 44 45 49 | 
General Math Ability 42 36 45 40 30 0 
Composite 45 40 48 40 .29 39 




















ing on some of the tests included in the 
Entrance Examinations. Data in Table 
5 indicate that students who have taken 
mechanical drawing do better on the 
tests measuring spatial visualizing and 
mathematical abilities than do those who 
have not taken mechanical drawing. 
However, the difference between the two 
groups is not statistically significant when 
their Entrance Composites ¢ are compared. 
The correlations between the scores on 
the tests and grades in drafting are re- 
ported in Table 6. It would appear that 
the Composite and the scores on the 
tests measuring spatial visualizing and 
mathematical abilities predict drafting 
grades to about the same extent. It is 
interesting to note that the correlations 
reported in Table 6 are not much lower 
than those in Table 4 where grades in 
drafting are intercorrelated. At the same 
time, a drafting grade is better than data 


*High school average and test battery 
being given equal weight. 


based on the entrance examinations in 
predicting succeeding grades in drafting 


Summary 
The effect of having taken a course ii 
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high school in solid geometry or mechar 
ical drawing upon college grades ini 
course in descriptive geometry was it 
vestigated. The effect of these hig) 
school courses on a test measuring spatid 
visualizing abilities was also studied. | 
was found that students taking these hig 
school subjects do not earn grades i 
descriptive geometry that are significant) 
higher than those who have not take 
such subjects in high school. Perform 
ance on a spatial visualizing test is nd 
significantly affected by a high schol 
course in solid geometry, but those sti 
dents who have had mechanical drawisi 
in high school do make scores on this tei! 
that are significantly higher than thes) 
who have not had mechanical drawin} 
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Coordination of Mathematics and Physics 


Rk. H. COOK 


Dean, School of Engineering, 
Pratt Institute, Brooklyn 5, New York 


The basic concepts of engineering 
education have undergone drastic revi- 
sion during the past decade. Essentially, 
these revisions have produced new cur- 
riculums heavily based on mathematics 
and physical science. The really funda- 
mental character of the new concept, 
however, is that the student is to be 
educated for an understanding of basic 
ideas of the physical world and of the 
underlying principles which constitute 
man’s understanding of that world, along 
with both skill and understanding in 
mathematics. One can contrast this with 
the more traditional approach which 
called for the training of students to do 
specific tasks. As might be expected, 
there are many different ideas regarding 
techniques of instruction, content of 
courses and structure of curriculum. 
For example, there is no unanimity re- 
garding the part which physics should 
play in the engineering curriculum. 
How and by whom should it be taught? 
What should be its content? Where 
should it appear in the curriculum and 
what contribution is expected from it? 
These questions have been raised and 
answered by persons at all levels of the 
engineering faculty, but unfortunately the 
answers have been by no means con- 
sistent. One group which we might de- 
scribe as the left-wing would have phys- 
ics per se dropped altogether and only 
certain “desirable” pieces picked up and 
considered in engineering courses. This 
group has indicated that such a proce- 
dure would permit the saving of much 
time and also make possible the presenta- 
tion of engineering as a unified, basic 





Presented at the ASEE Annual Meet- 
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body of knowledge. Another, perhaps 
equally radical group, believes that en- 
gineering is primarily the application of 
physics and that consequently, a good 
curriculum is merely a suitable collection 
of physics courses. Most educators are 
inclined to believe that the right picture 
lies someplace between these two widely 
separated views. In any case, there is 
general belief that physics courses require 
great modification, if they are to become 
and remain acceptable parts of engineer- 
ing curriculums. 

By and large, this unhappy situation 
is the fault of the physicist himself. He 
has persisted, for many academic genera- 
tions, in presenting an engineering phys- 
ics course which was a somewhat intensi- 
fied repetition of a good high school pro- 
gram. Although calculus is referred to 
freely in the preface of almost every 
physics text, its use has been so sporadic 
that courses have remained pretty much 
a collection of formulas. Thus, college 
physics has been an island in the curric- 
ulum. It has failed to take advantage of 
those pieces of information which high 
school physics had to offer, and at the 
same time, it has failed to constitute a 
body of knowledge which could be used 
as a starting point for other courses. 
Failure rates have been high and achieve- 
ment has been low. One could seriously 
question whether physics, as it has been 
taught, made a really significant contribu- 
tion to the engineering curriculum. This 
statement. is a criticism of the traditional 
physics course. It does not mean that 
physics should be abandoned in agree- 
ment with the philosophy of the left- 
wingers. But, it does mean that engi- 
neering physics must be modified rad- 
ically. 

If the physics course is to provide a 
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background for engineering, then it must 
provide an understanding of basic con- 
cepts and principles. Furthermore, these 
concepts and principles cannot be limited 
to those of the classical era. Formulas 
must be sacrificed in favor of a funda- 
mental approach through the use of 
mathematical tools. Calculus must be 
among those tools, unless coverage is to 
be seriously limited. Since engineering 
educators are an impatient lot, one finds 
both beginning calculus and beginning 
physics taught in the same semester of 
the curriculum. Thus, some scheme of 
coordinating the two is necessary. The 
educators at the Pratt Institute are as 
impatient as any others, but nevertheless, 
they feel that physics is a necessary part 
of the engineering curriculum. This pa- 
per presents one of many possible modifi- 
cations of the physics course, along with 
a scheme for coordinating it and the cal- 
culus which is presented simultaneously. 
The procedure which will be outlined 
has produced gratifying results at the 
Pratt Institute. 


Objectives of the New Approach 


In general, the new approach is de- 
signed to emphasize basic concepts and 
principles and to promote understanding. 
Specific objectives include skill in the 
application of fundamental principles to 
the solution of problems, and skill in the 
use of vector analysis and calculus for the 
description of physical situations. Par- 
ticularly important is an attempt to avoid 
repetition of high school work, and to 
make the course a solid structure upon 
which advanced work can be based, and 
for which no duplication is necessary. 


Mathematics and Physics Together 


Although mathematics and physics are 
coordinated in the program which we 
shall discuss, the two nevertheless are 
taught as separate courses and by dif- 
ferent persons. Since the physicist de- 
sires to make maximum use of both cal- 
culus and vector analysis, two problems 
in coordination arise. One of these, how- 
ever, tends to aid the solution of the 
other. To give the mathematics depart- 
ment time to develop the beginnings of 
calculus, a lag must be introduced into 
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physics. This is done by devoting the 
first nine periods of physics to a study of 
vector algebra. The vector concept is 
defined in a manner acceptable to the 
mathematician although based upm 
physical notions. The dot and cros 
product are defined and interpreted as 
well as the product of a scalar and a 
vector. Once the basic concepts are laid 
down, then vectors are considered with 
reference to Cartesian coordinates and 
their associated unit vectors. Finally, the | 
position vector is introduced and applied | 
to problems which are largely geometric, | 
While this is going on, the mathematics 


classes meet fifteen times, during which | 


the notion of limit is introduced and ult- 


mately the derivative is defined. Simul. f 


taneously, integration is taken up and 
applications of both differentiation and 
integration are made to algebraic poly. 
nomials. 

At this point, the physics course be. 
gins a critical but descriptive examina 
tion of space, time, mass and force. This 
leads to the statement of Newton’s three | 
laws of mechanics, with emphasis upon | 
the concept of inertial space. Vector” 
analysis and calculus constitute the math- 
ematical tools required for this purpose, 
During this time, the mathematics course 
introduces analytic geometry and applies 
calculus to it. At the same time, differ 
entiation and integration are kept con 





tinually before the student in the mathe | 
matics course, and they are used on every | 
problem in the physics course. Since the | 
study of ‘statics is postponed until afte! 


dynamics, physics is concerned largely | 
with problems of motion. In_ solving| 
these problems, the student cannot avoid 
the use of calculus because no formulas 
are derived and the use of them is no 
permitted. All problems, no matter how 


simple or complex, must be solved by the | 


use of Newton’s Laws and calculus. At} 
first, constant of integration is found by 
reference to initial conditions, but ult: 
mately the definite integral notation i 
introduced in the physics course simply 
as a means of eliminating the constant d 
integration. Shortly. thereafter, the def- 
nite integral is developed in mathematics. 

Newton’s Law of Gravitation is pre 
sented in the physics course shortly afte 
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his Laws of Dynamics have been intro- 
duced. Gravitation is discussed rather 
carefully and its approximation by mg is 
derived for regions near the surface of 
the earth. 

The physics text material includes a 
separate chapter on derived concepts. 
In this chapter, Newton’s second law is 
integrated first with respect to time, in 
order to introduce the notions of momen- 
tum and impulse, and then with respect 
to distance, in order to introduce work 
and energy. These four new concepts 
are said to be derived concepts. Thus, 
definitions of kinetic and potential energy 
arise through the application of integra- 
tion to a basic principle. Gravitational 
potential energy change is considered for 
objects both near the surface of the earth 
and far from the earth. In all these con- 
siderations, the vector method in terms 
of Gibbs’ notation is continuously used. 

Only one additional upset of the tradi- 
tional mathematics course is required in 
the first term. The differentiation and 
integration of sines and cosines should 
occur prior to the end of the tenth week. 
This background is needed in physics for 
the consideration of angular velocity, 
rotating coordinates, circular motion and 
simple harmonic motion. 

During the second term of the course, 
only one modification of the traditional 
mathematics approach is demanded. Par- 
tial differentiation is introduced late in 
the second term in order that it may be 
available for early use in the third term 
of physics. In doing this, one must be 
careful not to postpone the differentia- 
tion and integration of exponentials and 
logarithms, since they are required for 
second term work in physics. Although 
the second semester of physics is pri- 
marily a study of fluids and heat, a con- 
sideration of circular motion and the 
motion of variable masses is deliberately 
postponed to the second term in order 
that vectors may be kept before the stu- 
dents. Since heat is considered from the 
point of view of particle motion, me- 
chanics continues to play a predominant 
role during the second term. 

At present, our experience encompasses 
only the first two terms. However, our 
results have been so gratifying that we 
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shall have no hestitancy about using a 
completely vector approach to electricity 
and magnetism during the third term. 
We have taken the field equations as our 
goal for third term physics and expect no 
difficulty in achieving that objective. 

For the reader’s convenience, an ap- 
pendix to this paper contains coordinated 
course outlines for mathematics and phys- 
ics during the first two terms. 


Mechanics of the Operation 


The new physics course and the co- 
ordination of mathematics with it in- 
volved a significant departure from pre- 
vious practices. As a consequence, 
experienced, successful faculty members 
were considered necessary for the project. 
Unfortunately, there was not enough 
equally experienced faculty to man small 
sections for the entire freshman class. 
Thus the lecture method was chosen for 
both physics and mathematics. In phys- 
ics, there were two lectures per week 
and one recitation. The recitations were 
in small sections. There were four lec- 
tures and one problem day per week in 
mathematics. Through this procedure 
all students received essentially the same 
instruction. In physics there were seven 
hours of examination and in mathematics 
there were ten. Papers were graded by 
a carefully selected group of advanced 
students who were given definite grading 
instructions prior to each examination. 

The same treatment was given to all 
regular freshmen without regard for their 
relative abilities as indicated by tests. 


A Survey of Results 


Interest was at a high level in both 
courses. It increased steadily in physics 
and although this effect was discernible 
in mathematics, it was less pronounced. 
At the end of the first semester, 14.5% of 
the students had failed physics and 
19.3% had failed mathematics. For the 
second semester, 5% failed physics and 
10% failed mathematics. Thus, the sur- 
vival rate for two semesters of physics 
was 81% and that for two semesters of 
mathematics was 73%. 

Prior to the beginning of the course 
we obtained ACE, PEAT, Reading Com- 








Week 


1, 2,3 


4, 5,6 


7, 8,9 


10, 11, 12 


13, 14, 15 


1, 2,3 


4, 5,6 


7, 8,9 


10,11, 12 


13, 14, 15 


prehension and Mechanics of Expression 
scores on all students. Only the Reading 
Comprehension score gave significant in- 
formation regarding the likelihood of fail- 
ure. For this test, there were three times 
as many failures in the group below the 
fiftieth percentile as in that above. This 
same figure applied to both mathematics 


Mathematics 
ist Term 


Coordinates, functions, limits, derivative, 


slope rate, anti derivative. 


Polynomials, rational functions, implicit func- 
tions, differential, continuity, maximum and 
minimum. 


Rolle’s Theorem, mean value theorem, differ- 
entiation of sines and cosines, area as an 
integral. 


Definite integral as a limit, areas bounded by 
curves, volumes of revolution, approxima- 
tions, arc length, surface of revolution, aver- 
age values. 


Moments and mass center, centroid and 
gravity center, Pappus Theorem, moment of 
inertia, radius of gyration, parallel axis 
theorem, static pressure, work by variable 
force. 


2nd Term 


Discussion of curves, tangents and normals, 
locus, rotation of axes, conic sections in 
Cartesian coordinates, introduction to polar 
coordinates. 


Polar coordinate equations, differentiation 
and integration of trigonometric functions, 
inverse trigonometric functions, logarithmic 
and exponential functions, simple differential 
equations, hyperbolic functions. 


Parametric equations, vectors in 2-space 
applied to motion and geometry, 3-space rec- 
tangular, cylindrical and spherical coordinates, 
vectors in 3-space. 


Solid analytics by use of vectors, space curves 
and motion, partial derivatives, tangent 
planes, normal lines. 


Increment of function of several variables, 
directional derivatives, gradient and di- 
vergence (‘‘del” operator), total differential, 
max and min, higher order partial deriva- 
tives, least squares, exact differentials, in- 
troduction of line integral. 
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Physics 
1st Term 


Vector algebra (Gibbs’ notation). 


Space, time, speed, velocity accelera- 
tion, mass, force, Newton’s Laws, 
gravitation, friction. 


Impulse, momentum, work, energy, 
applications, systems and _ conserva- 
tive principles. 


Angular velocity and acceleration, 
rotational motion, rotational en- 
ergy, mass center, moment of in- 
ertia, applications. 


Elastic and inelastic deformation, 
simple harmonic motion, statics. 


2nd Term 


Circular motion, impact, variable 


mass, machines. 


Fluids at rest, fluids in streamline 
motion, viscosity surface phenom- 
ena. 


Temperature, thermal expansion, 
heat as energy, ideal substance, 
kinetic theory, gas laws. 


Internal energy, reversible pro- 
esses, Carnot cycle, absolute tem- 
perature, specific heats and quantum 
theory. 


Heat in solids and liquids, calorim- 
etry. 


and physics. Failures in both mathemst- 
ics and physics were more than ten times 
as great for the lower half, as for the 
upper. 
very small samples. 

Our initial experience has been entirely 
satisfactory. Experimentation will be 
continued, but primarily for the purpose 


These values are based upon 
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of finding the optimum division of time 
between lecture and recitation. We are 
also attempting to develop a set of dem- 
onstration experiments appropriate to the 
physics course. 


Some Observations 


So far as the students were concerned, 
the physics course was entirely new in 
concept. In addition it was extremely 
intensive, possibly the most intense in 
any school today. And yet, it was pre- 
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sented with outstanding success by a 
method in which lectures predominated. 
All regular freshmen took the course. 
There are three unproven but seem- 
ingly likely implications: (1) let your 
freshmen learn from your ablest teacher, 
even if it means using the lecture 
method; (2) a course which presents 
concepts and principles and demands un- 
derstanding, is not beyond engineering 
freshmen; (3) it is likely that we have 
underrated student capability in the past. 


INDUSTRIAL ENGINEERING SUMMER SCHOOL 


Purdue University 
June 18-19, 1960 
Sponsored by the Industrial Engineering Division 





The rapid advancement of the physical and social sciences has resulted in many 
new developments that should be integrated into the Industrial Engineering Cur- 
tiulum. This Summer School will provide a forum for the interchange of ideas on 
the best way in which to integrate new material into the subject matter taught in 
industrial engineering. The program will consist of the following topics: 


Saturday, June 18— 


Mathematical Requirements in Industrial Engineering 

Statistical Requirements in Industrial Engineering 

Psychological Developments of Importance to Industrial Engineering 
Physiological Developments of Importance to Industrial Engineering 
Sociological Developments of Importance to Industrial Engineering 


Sunday, June 19— 


Systems Analysis “ 
Systems Simulation 
Incorporating Frontier Areas into the Industrial Engineering Curriculum 


Arrangements for housing and meals will be similar to those for members attend- 
ing the Annual Meeting. Registration for the School will be separate from that of 
the Annual Meeting, and the fee of $3.00 should be mailed to Professor H. T. Amrine, 
Department of Industrial Engineering, Purdue University, Lafayette, Indiana. 








The Mark of an Educated Man 


BAIRD W. WHITLOCK 


Department of Humanities 
Case Institute of Technology 


In an earlier day, when, if we may 
believe Matthew Arnold, people were 
looking at life steadily and seeing it 
whole, Aristotle said, “It is the mark of 
an educated man to look for precision in 
each class of things just so far as the 
nature of the subject admits; it is evi- 
dently equally foolish to accept probable 
reasoning from a mathematician and to 
demand from a rhetorician scientific 
proofs.” 

In an age when men use the authority 
of “scientists” to decide what brand of 
cigarettes to smoke, Aristotle’s definition 
of an educated man has small support, 
even in the academic grove. “Scientism,” 
the misapplication of science and the sci- 
entific method, has won the day in more 
areas than we are perhaps willing to 
admit. 

The advent of Sputnik called forth an 
unequalled flood of discussion about edu- 
cational goals, methods, and financial as- 
sistance, but all except a few scattered 
statements dealt with our educational 
needs in the sciences and engineering 
subjects. The voice of the humanist is 
hardly heard in the land, and the sing- 
ing of the physicist has come. 

But if the humanist in the American 
college has had less to say, it is, to a 
great extent, his own fault. He has in 
many cases lost his role of social com- 
mentator and aesthetic guide. Lost in 
grudging admiration of the physical sci- 
entist and suffering from envy of the 
undergraduate popularity of the social 
sciences, the humanist has more and 
more emulated, borrowed from, and 
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ities and Social Sciences Division. 








downright copied the method of his sci- 
entific brethren. Forgetting his role as 
guardian of the testament of the human 
spirit, he has left more and more of his 
written and painted treasure to the social 
scientist, forgetting that it is from the 
artists and poets, the “unacknowledged 
legislators of the world,” that the social 
scientists have learned much if not the 
bulk of their knowledge of man and 50- 
ciety. Indeed, we have almost lost even 
Leonardo from the realm of art to the 
realm of science and have forgotten that 
science until very recently was a part of 
philosophy, and only a part at that. 


Not by Aggression 


But the loss in the humanities has not 
been the result of aggression by the s¢i- 
entists as much as it has been the with 
drawal of the humanists from their 
proper sphere. Seeking to gain a posi- 
tion of new respect and intellectual status 
in a technological age, teachers of litera- 
ture have built up in recent decades vari- 
ous critical schools which have all the 
appearance and trappings of scientific 
method without its necessary controls or 
applications. In doing so they have 
robbed their subject matter of the im 
mediacy of impact which is literature’ 
raison detre. They have attempted to 
codify and measure the imponderable, to 
demand mathematical proofs of the 
rhetoricians’ insights. The result has, 
at its worst, brought sterility to the teach- 
ing of literature and at its best often 
led to the choice for teaching of liters 
ture which has lost its relevancy for the 
students in the classroom. 

This process has been hardened into 
academic rigidity in many graduate 
schools, whose products then return to 
undergraduate teaching to propagate theit 
kind. The English professor spends 4 
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good deal of his time training future 
graduate school students, forgetting the 
reason why literature or the arts in gen- 
eral are in the curriculum at all. It is 
not long before, as in some dramatic 
schools, the “method” is all. “What 
school of criticism do you belong to?” 
takes the place of “What or whom do 
you like or enjoy?” The end product 
may be the group of Honors English stu- 
dents, in one university I know of, who 
unanimously voted that they preferred 
prose to poetry, while a majority pre- 
ferred critical writing to fiction. The 
true consummation was a girl who ad- 
mitted that she preferred the footnote 
comments to the text. 

There are many humanities teachers in 
engineering schools who feel exiled in a 
foreign land, and well they may if the 
educational process they wish to take 
part in resembles the one outlined above 
-even after removing the pejorative re- 
marks. But I would submit that it is in 
the technical schools that we may get 
back most quickly to the ideals of the 
creative artists whose work is our sub- 
ject matter. First and foremost is that 
of enjoyment. There is no need to at- 
tempt to cloak our work or approach 
with scientism. No group of scientists 
or engineers is going to be fooled by us 
on that score. We will engender far 
more interest by admitting the compara- 
tive indefiniteness of our subject matter. 
We can show, with little difficulty, that 
the problems which the great artists raise 
are at heart insoluble, or at least solvable 
only on an individual basis. We can 
show that the value of an individual art- 
is’s solution is as a guidepost and aid 
to the individual student’s solution or at- 
tempt at solution. We can show that al- 
though, through science, the height. of 
the star of every wandering bark may be 
taken, the worth is still unknown. 

Furthermore, rules and methods of 
analysis can never become primary goals 
for those to whom literature will always 
remain, and thankfully so, an avocation 
rather than become a vocation. Grad- 


uate school methods and goals, insofar 
as they become ends rather than means, 
must remain meaningless in the engi- 
neering and science curriculums. 
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Literature can be approached as a 
record of man’s achievements and fail- 
ures, his aspirations and despair. More 
than that, though, it is a record of in- 
dividuals, and it fosters individual re- 
sponse in students whose primary intel- 
lectual weakness is group consciousness. 


The Opportunity 


Perhaps the greatest opportunity we 
face in engineering schools is the chance 
to show life in its totality, for, in general, 
we are freed from the departmental re- 
strictions which limit the expression of 
a single art form to specific courses. The 
teacher can show the interrelationships 
of all the arts and thus heighten the in- 
terest in all. Shown within their proper 
historical situations, the arts reveal in- 
dividual responses to real problems and 
gain an immediacy of impact that might 
otherwise be slight. I need hardly 
point out the danger of treating litera- 
ture or any of the other arts simply as 
historical events, of course. This makes 
them mere documents for the social sci- 
entist. At best we should see these ex- 
pressions within historical settings yet 
offering meaning and inspiration for the 
student’s present experience. If they do 
not become existential realities for the 
student, they “are of all things most 
miserable.” 


A Course in Western Civilization 


At Case Institute of Technology the 
student is exposed to a wide range of 
literature, music, art, and philosophy 
during a two year, four hour a week 
course in the backgrounds of Western 
Civilization. Each teacher approaches 
the material covered in his class section 
in his own way, emphasizing those points 
he feels to be most important and those 
materials he finds most interesting. As 
the staff is made up of teachers whose 
own major interests range from history 
through literature to the fine arts, a wide 
latitude of treatment is obviously the re- 
sult. The department feels, however, 
that a teacher will do his best work and 
inspire the most active response from his 
students when left relatively free to ex- 
press the course material in his own way. 
Every student has four different teachers 
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in his two year sequence, however, and 
gets a wide variety of educational ex- 
perience. 

Under these circumstances what fol- 
lows must of necessity be a quite per- 
sonal record of how I as one member of 
the staff approach the teaching of litera- 
ture in an interrelated core course in the 
humanities. I will cite but three exam- 
ples and hope that they will represent 
fairly the rest. 

By the time we reach Sophocles’ 
Oedipus Tyrannus, the student has read 
all of Homer’s Odyssey and most of Pro- 
fessor Kitto’s The Greeks. He has spent 
a good deal of time on the concept of 
the polis and its influence on Greek 
thought, indeed its all-encompassing na- 
ture. Aristotle’s statement that “man is a 
political animal” has been foreshadowed. 
The Greek virtue of arete and sin of 
hubris have been emphasized. A week 
has been spent on Greek sculpture and 
architecture, where the transition from 
the stylized forms of archaic art through 
the ideal, proportioned beauty of the 
Hellenic, to the realistic portrayal of the 
late Hellenic and Hellenistic periods have 
been shown. Some comparison has also 
been made with the similar transition of 
the Italian Renaissance. The class has 
already read Aeschylus’ Agamemnon and 
seen the chorus in its stylized form and 
religious context. They have also been 
given a brief survey of the early develop- 
ment of the Greek theater in a lecture. 

A discussion of the play begins with a 
contrasting of the meanings of tragedy, 
pathos, and sublimity and ends with the 
question of whether true tragedy is pos- 
sible today. I present Aristotle’s defini- 
tion of a tragedy and then let the class 
work it out in the play with special at- 
tention aimed at Oedipus’ sin of hubris. 
At first we deal primarily with the char- 
acters as recognizable and believable hu- 
man beings apart from the religious over- 
tones of the play, but the students’ ques- 
tions concerning the prophecies of the 
oracle lead inevitably into a discussion of 
Oedipus’ free will, or lack of it, the pre- 
ordination of the gods, and the power of 
the Fates. Then the role of the chorus 
comes up and the change from the 
chorus in Aeschylus is discussed and 
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comparable analogous changes in sculp. 
ture are brought out. Attitudes towards 
the polis of the various characters are 
analyzed and compared with what the 
students have read in Kitto as well as 
what they have witnessed as modern at. 
titudes toward the state. 

‘Before returning to the question of 
tragedy, I lead off, by way of the 
dialogue: 


Oedipus: But surely I must needs fear 
my mother’s bed? 

. . . fear not thou touching 
wedlock with thy mother, 
Many men ere now have so 
fared in dreams also. 


Jocasta: 


into a short digression on why Freud 
picked the phrase “Oedipus complex” 
and try to have the class see whether 
the phrase has meaning in the play or 
whether Freud has taken merely a sur. 
face action and given it another meaning, 
As I say, the discussion, taking usually 
two and a half to three class hours, then 
ends up on a major problem of modem 
drama, whether, with our modern feel. 
ings of determinism, psychological and 
cosmic, a playwright can write a true 
tragedy or must aim, at best, at a deeply 
moving, pathetic situation. As all of 
the students have read The Death of 4 
Salesman in their freshman course, 4 
good argument is always forthcoming. 


Poetry 


Selections from Latin poetry are our 
first chance to do anything with poetry 
as such in the course, for the Homer is 
usually read in prose translation. The 
question of treating any translation a 
real poetry is, of course, great, but this 
in itself leads to a profitable discussion 
of the values and drawbacks of transl- 
tion. The major discussion of transl- 
tion, though, arises during the reading 
of the New Testament, when I compare 
the Greek, a literal translation, the King 
James, and the Revised Standard ver 
sions of the opening verses of the gospé 
of John. 

The first Latin poem I treat is a shot 
lyric of Catullus. First I read the poem 
in Latin and give a short analysis o 
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Roman metrics. Then we contrast the 
method of Latin scanning of long and 
short syllables (with a gratuitous snide 
aside at bad teachers of scansion in some 
high schools) and the English use of 


stressed syllables, using “This is the 


house that Jack built” as an example of 
the difference in the syllabic make-up of 
“equal” feet. To show what part meter 
plays in poetry, I use the literary debate 
between Frost and Sandburg concerning 
the “rules of the game” of poetry. Frost 
said once that writing poetry without 
thyme or meter was like playing tennis 
with the net down. Sandburg countered 
that “you can play a better game without 
the net.” Frost answered, “Sure you can 
play a better game without a net—and 
without rackets or balls—but it’s not 
tennis.” 

Catullus is a good example of a poet 
whose subject matter raises the question 
of the necessary content of a poem. The 
question naturally arises in class as to 
why anyone would use poetic form to 
begin with. This seems best answered 
by working out, with examples, the prin- 
ciple that content generally determines 
form in any art. But then there arises 
the question as to how “serious” or “im- 
portant” content must be to be consid- 
ered a fit subject for art. Here I let 
them play with Frost’s statement that 
the only thing you need for a poem is a 
“tenable position.” 

“On Lesbia’s Inconstancy,” translated 
by Theodore Martin, provides a light 
example of sheer enjoyment with just 
sufficient irony and sophistication to set 
the note for other Latin verse and to set 
the tone for life in the late Republic. 
Like woman’s constancy, it is writ in air 
or running water and shows that even the 
lightest verse can catch a universal idea. 

The poetry and prose of the twentieth 
century are, of course, the easiest to ap- 
proach in class. Many students, of 


course, react negatively to the poetry of 
Eliot, and yet it would be ridiculous to 
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leave him out of a course covering twen- 
tieth century thought. As the purpose 
of the course is to interest and attract the 
student rather than to antagonize him, 
I have found it far more useful to teach 
“The Love Song of J. Alfred Prufrock” 
and “The Hollow Men” than to attempt, 
in the time at our disposal, to make clear 
the intricacies of “The Waste Land,” 
“Ash Wednesday,” or any of the Quartets. 

By the fourth semester the students 
have a background which makes both of 
the headnotes of “The Hollow Men” 
meaningful: Conrad’s “Mistah Kurtz—he 
dead” and “A penny for the Old Guy.” 
But, more important, they have a sense 
of meaninglessness and emptiness, loneli- 
ness and lack of illusions which makes 
this poem an uncomfortable commentary 
on their own lives as well as life in the 
1920’s. And it is this dual quality which 
we discuss in class. Obviously it helps 
them understand one facet of life in the 
20’s, but it also helps them to formulate 
ideas on the 50’s. Eliot could never 
know, when he wrote the poem, the po- 
tential power of his concluding lines: 
“This is the way the world ends/Not 
with a bang but a whimper” in a world 
threatened by the atomic bomb. The 
astounding thing to me is that even in 
the obvious presence of the bomb, the 
students feel the increased truth of Eliot’s 
lines. 

Four semesters of a Western Civiliza- 
tion course are certainly not the only 
way, and, perhaps, not the best way to 
teach literature, but they are certainly 
not a bad way. Literature is seen as but 
one means of human expression, one 
way of describing and dealing with the 
comedie humaine. It gains, I think, by 
being seen so clearly in its historical con- 
text—if, it must be added, it is also re- 
lated continuously with the experience 
of the student, and if it is seen as a 
source of genuine enjoyment. Then the 
perspectives of literature become as wide 
as man’s history and as deep as the re- 
sponses of the human soul. 











The Convergence of Engineering and 
Liberal Arts Education 


JOSEPH J. ERMENC 


Professor of Mechanical Engineering, Thayer School of Engineering 


Dartmouth College, Hanover, New Hampshire 


There is considerable stir these days 
for educational reform. At the college 
level it is particularly vigorous in engi- 
neering education. Its intensity may be 
gaged by the fact that it has already ac- 
complished, unconsciously, a modicum of 
homogenization between two _ hitherto 
immiscible parts of higher education— 
undergraduate engineering education and 
liberal arts education. One may not be 
certain any more that liberal arts educa- 
tion is the monopoly of the liberal arts 
college, nor can it be assumed that un- 
dergraduate engineering education is ex- 
clusively the province of the engineering 
school. 

In undergraduate engineering educa- 
tion there is a well defined trend away 
from vocational training or know-how 
courses. The emphasis is shifting from 
the time-honored precept of “training en- 
gineers for industry” to the more sophis- 
ticated one of education for the balanced 
intellectual development of an individual 
via scientific-humanistic studies. At the 
Massachusetts Institute of Technology 
proponents of devocationalized or “pure” 
engineering education argue that it may 
be equated to a form of science-based 
liberal education analogous to that re- 
quired for the law and medicine. Spe- 
cialized vocational studies in engineering 
or non-engineering areas, as for law and 
medicine, are considered proper efforts 
for the postgraduate years. 

The denigration of vocationalism in 
the undergraduate engineering curric- 
ulum is a consequence of the changing 
industrial structure. In the nineteenth 


century, and in many cases up to the 
beginning of World War II, industry 
was, in the main, developed about a 
craft-based technology. The engineer 
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ing courses for the twenty-eight accred- 
ited engineering curricula in the United 
States. In the opinion of the reformers 
of engineering education it is these 
courses alone, cutting across the bound- 
aries of conventional engineering curric- 
ula, which constitute negotiable knowl- 
edge in these times of swift science-based 
technological advance. 

This approach to a unified engineering 
education is not new. It has informed 
engineering education at Oxford, Cam- 
bridge, and Harvard for the past fifty 
years. 

Despite the pressures for more engi- 
neering science, physics, and mathemat- 
ics, a firm line has been held with respect 
to the inclusion and importance of social 
science and humanistic studies in engi- 
neering education. 

Of greater importance than the present 
orientation of the new engineering edu- 
cation toward the profession of engineer- 
ing is its identity as a scientific-human- 
istic form of education. It is then not 
so surprising to note the acceptance of 
engineering science courses for partial 
fulfillment of the requirements for the 
bachelor of arts degree by more than one 
hundred and sixty liberal arts colleges, 
and the establishment of the engineering 
sciences as liberal arts departments at 
such historic defenders of the true liberal 
ats faith as Harvard and Dartmouth. 

At Harvard the engineering sciences 
ae offered by the Division of Engineer- 
ing and Applied Physics of the Faculty 
of Arts and Sciences. They lead to the 
traditional liberal arts degree of bachelor 
ofarts. The purpose of the studies is not 
simply to serve as the first stage in the 
preparation of an engineer. It is rather 
to give a student so firm an intellectual 
preparation that he may make himself 
athome in many areas of postgraduate 
study, including law, medicine, business 
administration, physics, mathematics, as 
well as engineering and engineering re- 
search. This type of education is con- 
sistent with the traditional liberal arts 
position which holds that it is the func- 
tion of a college to permit its students to 
make connection with a wide variety of 
professional work but not to do it. It is 
for Harvard a culmination of over a cen- 
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tury of effort, starting with its Lawrence 
Scientific School in 1847, to reconcile a 
heavily endowed engineering education 
with liberal arts education. 

At Dartmouth College, beginning in 
1871, a liberal arts degree was required 
for entrance into the two-year civil engi- 
neering course offered by its associated 
school, the Thayer School of Civil Engi- 
neering. It was not uncommon in earlier 
days for a graduate of a classical college, 
well instructed in general mathematics 
and literature, to secure engineering 
training at West Point or Rensselaer in a 
semester or two. After 1893, a student 
could matriculate to the Thayer School 
after three years in the liberal arts col- 
lege. A year, then, of engineering school 
studies, approximating the engineering 
sciences, was accepted by Dartmouth 
College as fulfilling the requirements for 
its bachelor of arts degree. The fifth 
year led to the award of an engineering 
degree by the Thayer School. 

This development has been the Amer- 
ican prototype of the combined liberal 
arts-engineering curricula now widely 
found in the United States; its inspira- 
tion was the eminently successful lycee- 
engineering school sequence established 
in France by Napoleon I. 

In 1958, however, Dartmouth College 
established a department of engineering 
science to take its place as a liberal arts 
department alongside of the earth, phys- 
ical, social, life, and political sciences, as 
well as the humanities. Where the old 
curriculum was stratified into three years 
of liberal arts, including the mathematics 
and physical science prerequisites, ad- 
ministered by the liberal arts college, and 
two years of engineering studies admin- 
istered by its Thayer School, the new is 
stratified into a four-year engineering sci- 
ence major under the jurisdiction of the 
liberal arts college and leading to its 
bachelor of arts degree; postgraduate 
studies in professional engineering, indus- 
trial administration, and advanced engi- 
neering science are left to the engineer- 
ing school. 

The engineering science curriculums 
at Harvard and Dartmouth were designed 
and are staffed by their engineering fac- 
ulties. Quite naturally, at this stage, 
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they tend to orient their students toward 
engineering careers. Similar unconven- 
tional curriculums but with wider scope 
are offered at the Massachusetts Institute 
of Technology and Rensselaer Polytech- 
nic Institute amidst a plethora of con- 
ventional curricula, but these are admin- 
istered by the schools’ social science and 
humanities faculties. They are oriented 
more toward the social sciences and hu- 
manities. 

The Dartmouth and Harvard programs 
require the engineering science major to 
take a set of basic liberal arts courses in 
common with all other liberal arts stu- 
dents. The MIT and RPI curricula re- 
quire a student to take a block of basic 
mathematics, science, and engineering 
science studies in common with all engi- 
neering students before or along with a 
stronger emphasis upon social science 
and humanistic studies, i.e., an emphasis 
stronger than is obtained in the conven- 
tional engineering curricula at these in- 
stitutions. They have been categorized 
as forms of liberal education polarized 
about the physical and engineering sci- 
ences, 

The MIT curriculum, given under the 
aegis of its School of Humanities and So- 
cial Studies, leads to the unusual degree 
of Bachelor of Science in Economics, 
Politics, and Engineering. About 60% 
of the curricular time is allocated to basic 
science and engineering studies and 40% 
to the humanistic-social science studies. 
Its intent is to aid in the development of 
insights into the interwoven technical 
and non-technical problems of modern 
society. This seems to be the kind of 
education Senator Fulbright and others 
feel must evolve as a form of general 
education if we are to have an educated 
class who can understand what our sci- 
entific experts are up to. This course 
permits one to make connection with a 
career in “research, engineering, person- 
nel, sales, promotion, international de- 
partments of business, and in government 
and labor organizations.” It is also said 
to be sufficient preparation for graduate 
work in economics, engineering, business 
administration, law, and medicine. 

At RPI, “the oldest engineering school 
in the English speaking world,” a School 
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of Humanities and Social Science was es. 
stablished in 1958. Major studies in eco. 
nomics, language and literature, philos. 
ophy, and psychology are offered as top. 
ping studies to two years of engineering 
courses. The degree offered is the bach. 
elor of science. 


Three-two Programs 


The combined five-year programs, in 
which a student spends the first three 
years in a liberal arts college and the 
next two in an affiliated engineering 
school, are at the present slanted solely 
toward engineering. There are now over 
160 independent liberal arts colleges—not 
including junior colleges—which have es. 
tablished liaisons with about 30 engineer. 
ing schools. In effect the liberal arts 
college accepts one year of work in 
mainly the engineering sciences, taken 
at the engineering school, as fulfilling its 
degree requirement for the bachelor of 
arts degree. The engineering schod 
then offers a bachelor of science degree 
for one year of postgraduate studies in 
some field of engineering. 

For the student who places some value 
on campus activities and associations, the 
combined plan is not particularly attrac- 
tive, since he must leave his liberal arts 
college at the start of his senior year, a 
time of his optimum social influence. It 
would certainly be more attractive to 
more students if their liberal arts college 
were to adopt departments of engineer. 
ing science, as has been done at Harvarl 
and Dartmouth, and proceed toward the 
development of their own brands o 
“techno-humanistic” education, as ha 
been done at RPI and MIT. Specialized 
education could be deferred to postgrat- 
uate study in engineering, science, 
non-science graduate schools, or to the 
industrially sponsored educational pr0- 
grams, “the new force in American edv- 
cation,” which should be economically 
attractive to a graduate with a bachelor! 
degree. 

All accredited engineering curricuh 
today are required to devote about ont 
fifth of the curricular time to bona fide 
humanistic and social science cours. 
Such courses as accounting, managemett 
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and personnel administration are spe- 
cifically excluded from this category. It 
is customary to have such courses taught 
by liberal arts college graduates in the 
liberal arts college manner. But there 
has been a growing dissatisfaction with 
theincohesiveness of these courses. There 
is vigorous experimentation to develop a 
more meaningful block of cultural studies. 
At Stevens Institute, Case Institute, Pur- 
due, MIT and others, the engineering 
student is exposed to solid and intergrat- 
ing studies of the foundations of western 
civilization. This serves as counterpoint 
in succeeding studies of the problems of 
modern society. This is suggestive of 
the idea behind Alexander Meiklejohn’s 
Experimental College (University of Wis- 
consin 1926-38), an educational venture 
which in its time was considered too pro- 
gressive for most liberal arts faculties. 
There has also been some progress 
made within engineering education in 
using history as an instrument to integrate 
the social, economic, political, scientific, 
and personnel factors which have influ- 
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enced the direction and pace of engineer- 
ing progress. Many engineering author- 
ities are writing and offering courses on 
the humanistic histories of the develop- 
ment of their special interests. 

It seems probable that from the con- 
vergence of liberal arts and engineering 
education, two curricular variants may 
emerge. One, with an engineering orien- 
tation, shall move engineering education 
closer to the science major offered in the 
liberal arts college. The other, at a less 
mathematically sophisticated level, may 
develop into a form of rigorous general 
education which may be productive of 
disciplined minds which shall be aware 
of the material roots of their well-being 
as well as their cultural heritage. 

It is from this convergence that good 
prospects may evolve to relieve what 
Sarton called “. . . the ominous conflict 
of our times . . . the difference in opin- 
ion, and outlook between men of letters, 
historians, philosophers—the so-called hu- 
manists on one side, and scientists on 
the other.” 





CHEMICAL ENGINEERING AT RUTGERS 


A degree program in chemical engineering will be offered for the first time in the 
Rutgers College of Engineering, beginning next fall, it has been announced by Dr. 
Mason W. Gross, president of the State University. 

Dr. Gross said allocation of $5,500,000 of College Bond Issue funds for the expan- 
sion of engineering facilities, including a new engineering building on the University 
Heights campus, “has enabled Rutgers finally to start a chemical engineering cur- 
ticulum after more than 10 years of hoping and planning.” 

Dr. Elmer C. Easton, dean of the College of Engineering, has announced that 
Rutgers will accept a record 420 freshmen in engineering next fall in anticipation of 
the facilities which will be available in proposed new buildings for engineering, 


chemistry and physics. 


The buildings which will be financed by Bond Issue funds, 


are scheduled to be ready for occupancy by the fall of 1962. 

Dean Easton said the enrollment increase next fall, from 350 to 420 freshmen 
engineering students, is based on a temporary expansion of laboratory space in physics 
which offers courses required of all engineering students. 

By 1962, when the new engineering, chemistry and physics buildings are scheduled 
for operational status, the freshman engineering enrollment could grow to more than 


600 students, Dean Easton said. 


Dean Easton said the College of Engineering will proceed immediately to recruit 
a faculty for the new chemical engineering program. Course offerings in the first 
two years of the program “are practically in common with all engineering fields,” he 
said, “but we will need a full-fledged faculty by 1962.” 





The Integrated Program in the Humanities 


and Social Sciences 


WELLER EMBLER 


Professor of English, Head, Department of Humanities, Cooper Union 


This paper is essentially a summary of 
what we have learned at the Cooper 
Union from our experience over the past 
fifteen years with an integrated human- 
istic-social program. The omissions, the 
mistakes, the flaws in our philosophy of 
integration will perhaps be apparent; but 
this survey of what has happened in the 
Department of Humanities at the Cooper 
Union, this backward glance, shows that 
there has been some measure of success. 
There has been, at least, a consistency in 
our plan for a humanistic-social education 
for our students. If the implementation 
of the ideals has not taken place in every 
phase of our work, it is because we have 
not yet had time to fashion the fully inte- 
grated structure. 

Because it is not intended that engi- 
neering students shall become specialists 
in some one of the humanistic or social 
science disciplines, the educational aims 
of the humanities and social science 
teacher in an engineering school are 
somewhat different from those of the en- 
gineering science teacher or from those 
of the teacher in the liberal arts college 
who devotes his time to working with 
students in a special branch of liberal-arts 
learning. 

In the humanities, the teacher’s aim is 
to broaden the student’s interests, so as 
to protect him against too narrow a pro- 
fessionalism. The engineering student 
should have as a part of his undergradu- 
ate academic experience an introduction, 
at least, to the manifold ways in which 





Paper read at the Annual Meeting of 
ASEE, University of Pittsburgh, June 
19, 1959. Recommended by the Di- 
vision of Humanities and Social 
Sciences. 








man deals with his world of reality, an 
awareness of the strategies which man 
uses to make himself a home in the world 
—as poet, political thinker, manufacturer, 
linguist, historian, craftsman and builder, 
theologian, botanist, lawmaker, doctor, 
engineer, philosopher. The purpose of 
the humanities and the social sciences in 
an engineering curriculum is to make 
these various approaches to reality mean- 
ingful, enriching, and useful throughout 
the student’s life. There is more than 
one way of dealing with what we call 
the real; and the mark of a broad educa- 
tion is an extended sympathy with, and 
some knowledge of, strategies other than 
the one in which we ourselves have been 
most thoroughly trained. In addition, 
the educated man will see that there is 
a relationship, sometimes very close, 
among the various approaches to reality, 
and that the total experience of being in 
the world cannot be reduced to the in- 
tellectual orientation of a single, inde 
pendent discipline. 

But every educator faces the problem 
of time, especially in our day of special- 
ization. How shall justice be done the 
subjects of humane learning, massive in 
themselves, in the little time that can be 
devoted to them in an engineering cdl- 
lege education. The technique of in 
tegration is one valid way of building 4 
curriculum in the humanities and social 
sciences for professional students which 
will make possible a wide range of leam- 
ing in a limited amount of class time, and 
also provide for a creative approach to 
the materials of study. The integrated 
program in the humanities and social sci- 
ences has to be thought out as a pattem 
extending through four years of under- 
graduate study. This means that careful 
thought has to go into curriculum build- 
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ing on the part of the humanities and 
social science teachers. There are sev- 
eral major principles which should be 
taken into account in preparing an in- 
tegrated program of humanistic-social 
studies. 


1. At least one humanities or social sci- 
ence subject should be required in 
each semester of the undergraduate 
course. 


In a four-year undergraduate program 
for professional students, it is important 
that a humanities or social science subject 
be required in each of the eight semes- 
ters. The student should participate in 
soe branch of humanistic learning 
throughout his college life, so that he 
may sustain a continuing interest in the 
literature of human experience. The 
subject matter itself and the treatment of 
it should move from the relatively simple 
in the first year to the more complex in 
the last year; and there should be a re- 
vealed interconnection and an integrated 
relationship among all the subjects from 
the first through the last years. Though 
the humanities and social sciences may 
not move in serried ranks throughout the 
four years, there should nevertheless be 
a coordination of subject matter and 
treatment that is understood by the en- 
tire teaching staff and pursued as an 
ideal in theory if not one always attain- 
able in practice. 


2. The humanistic-social program should 
be carefully planned by all the mem- 
bers of the faculty who are teaching 
the humanistic-social studies. 


Order is essential in learning. In pre- 
paring an integrated program for the 
humanities and social sciences, there 
ought probably to be some premeditated 
pattern to the plan of study, so as to en- 
sure growth and steady enlargement of 
the student’s intellectual life. Since in 
an integrated program a subject is not 
taught solely for mastery of content or 
of method, some preconceived frame- 
work, some scheme of guidance through 
various contents and methods has to be 
worked out in advance by the teaching 
staff. The aim is, of course, to coordi- 
nate the humanities and social sciences 
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into one four-year humanistic-social ex- 
perience. The liberal-arts subjects are, 
as it were, bound together into a single 
subject—the humanistic-social discipline. 
The schemes for integration may be 
chronological, or comparative, or meth- 
odological; or they may be developed in 
terms of the history of ideas, the survey, 
close linear examination of texts, or proj- 
ects. Whatever the plan, care should be 
taken to avoid superficiality of treatment. 
It is quite possible to so organize a hu- 
manistic-social program that depth of 
study where depth of study is essential 
alternates with survey treatment where 
the survey plan is appropriate. Close 
linear examination of certain materials is 
important; but so also is the broad view. 
The two methods can be combined in a 
planned program, emphasis being deter- 
mined by the materials selected for study 
and by the goal or aim of the integrated 
program as thought out by the teaching 
staff. It will be objected that there are 
bound to be serious omissions of content 
and method in an integrated structure. 
This is perhaps inevitable. Some of the 
materials for study ordinarily assumed 
to be valuable will have to be sacrificed 
for want of time and proper motivation. 
It is the responsibility of the entire teach- 
ing staff in the humanities and social sci- 
ences to determine what shall be omitted 
in order to make room for that which in 
the estimation of the staff is of greater 
value in terms of aims throughout the 
four undergraduate years.? 


1 Suppose in the building of a humanistic- 
social curriculum there are only six credit 
hours available for the study of economics. 
The entire teaching staff in the humanities 
and social sciences should decide what the 
content and scope of the studies in econom- 
ics shall be. Shall the course be a principles 
course, or a course in the history of eco- 
nomic thought, or a course in economic in- 
stitutions, or in economic analysis, or in 
economic theory, or in a combination of 
these approaches? If all approaches are 
combined, little depth in any one will be 
achieved; if only one approach is used, the 
student will have no acquaintance with the 
others. The teaching staff will have to 
decide what is most valuable for the student 
in terms of the entire four-year humanistic- 
social program. 
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3. An integrated program in the human- 
ities and social sciences encourages 
the student to be creative with the 
materials of his courses. 


In order that the greatest benefit may 
come to the student’s intellectual life 
from his humanistic-social studies, the 
student should be encouraged to do some- 
thing creative with the material he stud- 
ies. He should be urged to work on 
projects (e.g., term papers) which call 
for a close contact with his materials. 
His analysis of the construction of a 
Greek temple, in the form of drawings, 
measurements, photographs, etc., will 
give him a subtle understanding of the 
“meaning” of a Greek temple, of the re- 
ligious and cultural ideals embodied in 
the temple. (The accumulation of a 
body of miscellaneous information about 
a subject is not the aim of an integrated 
course in the humanities.) It is impor- 
tant that the student select for thorough 
inquiry some aspect of the work he is 
taking up in a course and to pursue re- 
search on his own, dealing always in- 
timately, i.e., creatively, with the mate- 
rial. In a course which I offer in con- 
temporary literature, painting, and music, 
a senior elective, my students have en- 
gaged in research that calls for their deal- 
ing directly with the materials under ex- 
amination. In addition to their reading, 
some have taken part in extra-curricular 
dramatic productions, some have planned 
record concerts, some have made small 
collections of slides of modern paintings, 
have in one or two instances made their 
own slides from their own photographs, 
have edited small anthologies of poetry, 
have made photographic essays (com- 
plete with commentary) of selected ex- 
amples of modern architecture. The 
possibilities for doing something with the 
materials of a course are numerous; the 
purpose of working on a project is to 
possess for oneself the ideas involved, to 
earn possession of them, as it were, by 
using them, by doing something with 
them. 


4. An integrated program in the human- 
ities and social sciences puts emphasis 
on the concrete, on specific materials 
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—on source readings, on original ma- 
terials, on actual objects of art, on 
artifacts, attendance at dramatic pro- 
ductions, concerts, museums, on field 
study in the social sciences. 


Principle number 4, as I have outlined 


_ it, is closely related to principle number 


3. But here I am requesting the teach. 
ing staff, in the building of an integrated 
program, to place emphasis on concrete 
materials. This emphasis on the con- 
crete will correct any tendency to vague- 
ness in the presentation of social-human- 
istic literature and ideas. The student 
should have positive experience of knowl- 
edge. In his study of the drama, the stu- 
dent should attend the theatre; in his 
study of music, the student should attend 
concerts; in his study of government and 
social institutions, the student should work 
in the field so as to test the theories he has 
studied with the facts as he finds them; 
in his study of painting, the student 
should look at original paintings; in the 
study of American history, for example, 
the student will profit by reading original 
documents, by visiting restorations, by 
working with artifacts in museums. In 
studying poetry, the student will grasp 
poetic meaning more readily if he is en- 
couraged to do something with specific 
poems, if only to read them aloud, to 
memorize a poem, or better still, to write 
one himself. In thus urging an emphasis 
on the concrete, on individualities, as it 
were, I am taking for granted the cus- 
tomary thorough reading and study of 
books. For the study of books is in the 
end the most important feature of all our 
work. Being concrete is not a substitute 
for reading but a supplement to reading 
that gives dimension to reading itself 
An integrated program calls for a fa 
miliarity with concrete items of cultura 
intellectual interest—with, for example, 
a Cellini cup, a Beethoven Concerto, a 
Diirer print, a Byzantine mosaic, the 
Constitution of the United States, a 
Cezanne painting, a Gothic cathedral, a 
Coptic textile, a Doric column, an er 
graved 16th century suit of armor, 3 
New England church, George Innes 
painting of Washington Irving’s “Sunny: 
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side,” the Dixieland “St. James Infir- 
mary, the United Nations Buildings. 
Very nearly any detail will yield mean- 
ing if we experience it philosophically to 
see how it fits into the whole pattern of 
life. The humanistic way of life calls for 
a kind of philosophical concreteness, an 
awareness of the total environment, which 
is surely an aim of any education. The 
principle of concreteness in the human- 
ities is the principle of looking outside 
oneself on purpose to knowing. 


5, An integrated program in the hu- 
manities and social sciences requires 
a learning environment that provides 
for as many intellectual influences as 
possible. 


Well-stocked libraries, exhibitions, the- 
atrical productions, concerts, special lec- 
turers, fine films, slide collections, record- 
ings, and listening rooms, extra-curricular 
activities—an abundance and a variety of 
intellectual stimulations should be a part 
of the college environment of any profes- 
sional school. If the student wants to 
make use of his environment, it is there 
for him. Part of this environment is, of 
course, the teaching staff itself; and in 
departments of humanities, of social sci- 
ences, of English, it is an advantage to 
have a staff with varied interests and edu- 
cational backgrounds. This variety will 
make possible support of student inter- 
ests in many different fields, will stimu- 
late curiosity, will grant access to knowl- 
edge, and will provide rich and spacious 
suroundings for the cultivation of the 
humanistic way of life, which in many 
ways is the creative way of life. 


6. An integrated program places empha- 
sis in value-judgments, on freedom of 
interpretation, on intellectual growth 
through the student’s own effofts of 
analysis and judgment. 

We must take into account the differ- 
ence between that which an engineering 
student is supposed to gain from a study 
of the humanities and that which, for ex- 
ample, the English major gains from the 
study of literature. The English major 
is required to know and to remember 
what scholars have said about the master- 
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piece of literature he is reading. He 
learns to apply certain standard inter- 
pretations to the literary works he is 
studying. The more thorough he is, the 
more he will know about what others, 
especially the scholars, have said about 
the masterpiece. The English major is, 
as it were, studying to be a professional 
man of letters, and it is essential that he 
be closely acquainted with a body of 
critical commentary, with glosses, analy- 
ses, exigeses, interpretations. 

The plan of study and the intended 
goal in the humanistic program for engi- 
neering students is somewhat different. 
The purpose of an integrated program is 
to bring the student as close to the mas- 
terpiece he is studying as possible and in 
addition to reveal to him the intercon- 
nections among the masterpieces of a 
certain cultural era. The student comes 
to the masterpiece free of conventional 
explanations, free of critical preconcep- 
tions and predilections. His attention is 
directed to the work itself, for as much 
as he can make of it with such intellec- 
tual equipment as he has, at the time, 
attained to. The work he is studying 
means to him whatever it means at the 
time of his reading, with, of course, the 
help of the teacher, who may himself be 
a professional man of letters. In short, 
the engineering student studying the hu- 
manities has a rare freedom, the freedom 
to make of what he reads what he will, 
to be creative. He may not know what 
the experts have said about the work, he 
may not know the standard and conven- 
tional commentary of Milton’s Paradise 
Lost; he knows only what with the help 
of his teacher he has found for himself 
in Paradise Lost. Often this enviable 
freedom makes possible a rare intellec- 
tual freshness which surprises new, vivid, 
revealing insights. 

But this emphasis of freedom of judg- 
ment, particularly on the freedom to 
make value judgments, carries with it 
certain risks. If the student is asked to 
search for meaning in what he reads and 
studies, to search, that is, for humanistic 
meaning, humanistic because it has to 
do with human experience, he finds, often 
to his dismay, that unlike his technical 
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and scientific studies, there is no one 
absolute meaning or interpretation to the 
works of literature, history, philosophy, 
or art he may be studying. Humane 
learning does not lend itself to exact 
measurement. The student will learn 
that there can be as many interpretations 
of a work of literary art as there are read- 
ers. And this discovery can be distress- 
ing. The intellectual, creative freedom 
which goes with the multi-valued orien- 
tation may appear, in the pursuit of cer- 
tainties, to yield but a dusty answer; and 
wearied out with contrarieties, the stu- 
dent may give up esthetic judgments in 
despair. 

On the other hand, though there are 
hazards in the pursuit of humanistic 
knowledge, there is also intellectual ad- 
venture of the most rewarding kind. The 
freedom to think about the work of litera- 
ture, or of philosophy, or of history, or of 
art is very valuable. The freedom to 
hew out roughcast thoughts and then to 
fashion them with the skill at one’s com- 
mand is a learning experience which 
shapes and forms the value-judging part 
of the mind. And the freedom to discuss 
the consequences of an idea or a thought, 
as though they were being discussed for 
the first time by anyone, is sound method 
for increasing the creative power of mind 
of the student. Moreover, in the devel- 
opment of taste—in the realization of the 
possibility of choice and of the respon- 
sibility that goes with choice—the student 
will be assisted by those works of man’s 
mind and imagination which have been 
found worthy of preservation; but he will 
find them most valuable if he is encour- 
aged to search for himself the reasons 
why they have survived. Of course, the 
student needs help, and his teacher works 
with him to serve as guide and counsel. 
Students and teacher, then, will be their 
own creative critics as they deliberate 
the meaning of Sophocles’ Antigone, as 
they sound the deeps of Paradise Lost, 
or judge the shrewdness of the Wife of 
Bath’s observations on what it is that 
women most want. Whether it is Burke’s 
Reflections on the Revolution in France, 
or the philosophy of John Dewey, or the 
message of the Book of Job, or the char- 
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acter of Hamlet, or the meaning of 
Platonism, the subleties of an impression. 
ist painting, the style of a rococo ceiling, 
the reticence of a Renaissance ayre, the 
puritanism of The Scarlet Letter, the 
depth psychology of Sigmund Freud, the 
meaning of Arthur Miller's The Crucible, 


' the epistemology of John Locke, or the 


individualism of John Stuart Mill’s essay 
On Liberty, the student is free to ex. 
press his opinions, to form his judgment, 
to make what he will of his reading. He 
will have become familiar with that rich 
heritage of thought and things, prodigal 
of meaning, which will stand by him ever 
ready to be of service, unfolding new 
meanings and deeper insights as time 
goes on. 

The gathering and weighing of em. 
pirical evidence is vital to human life, 
and. the laws arrived at through the in- 
variant character of a group of physical 
events are of inestimable value to man- 
kind. Nevertheless, it has often been 
pointed out that the heart has its reasons 
as well as the head, that imagination, 
and intuition, and the creative spirit are 
very much a part of human experience, 
by no means the lesser part because their 
products are not always subject to exact 
measurement. 


7. An integrated program should be de- 
signed to encourage the student to 
continue with his learning and to per- 
severe in his humanistic-social interests 
throughout his life. 


Whoever studies the humanities is a 
philosopher because he thinks about life 
as a whole experience and because he is 
constantly inquiring, probing, looking, 
studying, asking questions. This is per- 
haps the most distinctive feature of the 
humanistic frame of mind, this search for 
meaning, or, to put it another way, this 
search for the good, the true, and the 
beautiful. Learning for the philosopher 
never ceases; his formal education was 
perhaps only the beginning, a studying 
how to learn, how to look and listen, how 
to search. Most important of all in an 
undergraduate education is the inculc- 
tion in the student of the wish to know. 
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tinguished and recognizable style—en- 
gagement in the unrelenting creative 
search for the good, the true, and the 


beautiful. 


If our students graduate with the positive 
wish to know more, we have been suc- 
cessful with them, and they will live the 
humanistic way of life in its most dis- 


EXCELLENT TEACHING AWARD 


An Excellent Teaching Award has been established by Clarkson College of Tech- 
nology as a special recognition of the importance of superior teaching on its campus. 
The award will consist of a citation by the president of the college, Dr. William G. 
Van Note, and a check for $1,000. It will be awarded for the first time this spring. 

In announcing the establishment of the award, to be made annually, Dr. Van Note 
outlined the basis for the award, as approved by the Faculty Council. He said the 
teacher to be honored would be selected for having demonstrated ability “to lead stu- 
dents to an understanding of the subject matter taught and its relationship to other 
disciplines, to help each student realize his full intellectual potential, to transmit the 
pleasure and satisfaction found in the pursuit of learning for its own sake and to en- 
courage a desire in the student to continually search for knowledge and understanding, 
and to provide an example of rigorous intellectual integrity and courage.” 

Nominations of award candidates will be made by alumni in the second year after 
they graduate, in response to a special letter sent by the Alumni Secretary. For 
example, the class of 1958 will make nominations for the 1960 award. Each member 
of the nominating class may name one candidate and will send a supporting statement 
with his nomination. 

The winner of the Excellent Teaching Award will be selected from the list of 
nominees by a committee of four members of the full-time faculty, two from the 
School of Engineering and two from the School of Arts, Science and Business Admin- 
istration. These committee members will be elected annually by the faculty. 

Winners of the award will automatically become members of the committee for 
the following four years and will become ineligible to receive the award for the suc- 
ceeding four years. After four years of operation, the committee will be made up of 
winners of the awards in the four previous years, and it will thus become self- 
perpetuating. 


NOW IT’S OFFICIALLY AUBURN 


Last January 1 the name of the Alabama Polytechnic Institute was changed 
officially to Auburn University. Auburn is the Land-Grant College of Alabama and 
has been known unofficially by this name for many years. 





Who Am I and Who Are You? 


ERWIN R. STEINBERG 
Carnegie Institute of Technology 


Before we examine the matter of how 
students of engineering and science can 
gain perspectives through literature and 
the kinds of perspectives they can gain, 
we should first inquire into the aims of 
undergraduate education—or at least how 
our topic relates to those aims that are 
relevant. 

In his recent report for the American 
Council on Education, Edward D. Eddy, 
Jr. says: 


In the four years of continuing enlighten- 
ment, every course, every professor, every 
campus activity should make a contribution 
in its own fashion and degree to the ex- 
amined life which now is worth human liv- 
ing. The result may be the beginning an- 
swer not merely to Who is man? but to 
Who am I? The educated student emerges 
with a sense of what it really means to be 
a human being.1 


A few pages later, he adds: 


The college, we believe, finds its greatest 
contribution to the student in the Socratic 
theme that the unexamined life is not worth 
living.? 


For these three interrelated questions— 
Who is man?, Who am IP, and What is 
lifeP—literature does offer perspectives. 
It is thus a vital part of the curriculum 
of any undergraduate institution. 

I should like to indicate briefly how 
students in engineering and science can 
be led to explore such perspectives and 
what they themselves feel the results 
can be. 

I must first, however, make my position 
clear. I do not think that the perspec- 
tives literature can supply are any dif- 
ferent for students of engineering than 


1 The College Influence on Student Char- 
acter. (Washington, D. C.: American Coun- 


cil on Education, 1959), p. 169. 
2 Ibid., p. 177. 





they are for students of accounting o 
agriculture or home economics or psy. 
chology or secretarial studies. All these 
students live in the same world and as 
people have pretty much the same prob. 
lems. Further, I do not believe that 
literature needs to be approached dif. 
ferently for any particular group of stu. 
dents, no matter what their major. I do 
believe, however, that the motivation we 
employ and the examples we supply are 
often more successful if we choose them 
with an eye to the students’ interests than 
if we do not. This is an elementary con- 
cept of communication, and teaching is, 
after all, an attempt to communicate, 
When dealing with students of engineer. 
ing and science, then, teachers of litera. 
ture would do well to take some cog. 
nizance of their interests and language 
and of the fields of knowledge to which 
they owe their primary commitment. 
Let me give you an example. 
Sometimes on the first day of a litera 
ture course I place on the still undefiled 
blackboard a small chalk dot and ask the 
engineering and science students in the 
class how they would “define” or “locate’ 
that point. Invariably, of course, the 
answer is “by means of other points or 
of a set of axes.” I then add additional 
dots and the traditional x and y axes, 
to the satisfaction and perhaps to the 
amusement of the students, many o 
whom obviously marvel at the naiveté 
of an instructor who can ask such ee 
mentary questions—and in a literature 
course, of all places. It is a credit to 
their bringing up that they humor me. 
My next question, however, although 
seemingly still elementary puzzles them: 
“How do you ‘define’ or ‘locate’ yoursell? 
Who are you?” The answer is onc 
again obvious, but it takes considerable 
discussion to arrive at: for “other points’ 
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substitute “other people”; and for “a set 
of axes” substitute “the standards set by 
our society.” And again the students 
settle back looking smug. 

Then I ask, “How many of you know 
asingle person so well that he confides to 
you his real feelings: the fluttering or 
drumming of his heart; the hurdle that 
he sneaks around instead of going over; 
the daily rebuffs that he smarts under; 
the measure and color of his castles in 
the air? How many of you really tell 
anyone else the private thoughts that 
jig, skulk, or careen through your mind?” 
Rarely does anyone raise his hand. And 
before they see the trap that I have lured 
them into, I slam the door: “If you don’t 
know who anyone else is, how can you 
tll who you areP Not only can’t you 
locate point A; you don’t know anything 
about points B, C, D, and E, by which 
you intend to define A.” 

After a few minutes of milling around, 
several of them rush for what appears to 
be another way out: the axes, the stand- 
ards set by our society. So we use as 
test cases some of the Ten Command- 
ments. “Honor thy father and thy mother.” 
Have they never, I ask, been angry with 
their parents, disobeyed them, been dis- 
respectful to them? “Remember the 
Sabbath day, to keep it holy.” Have they 
never, I ask, desecrated the Sabbath by 
word or act of commission or of omis- 
sion? We then examine briefly the stand- 
ards of morality on campus, cheating 
om exams, obeying traffic and parking 
regulations. And we discover each time 
that although laws, regulations, stand- 
ads-of any sort—are phrased in abso- 
lute terms, they seldom provide the ab- 
slute set of axes that the students ex- 
pected them to. For it is not only the 
standard that is important, but to what 
extent people subscribe to it or deny it, 
obey it or dodge around it or violate it. 
ln order to define himself then, to know 
who he is, a person must know almost as 
much about other people as he knows 
about himself. But the class has already 
agreed that this is impossible. No exit. 
Sill tapped! 

Then I crack an unsuspected door. 
Im't there any place where a person 
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records his innermost thoughts? Wouldn’t 
such records serve as points to define and 
locate other points, to define and locate 
ourselves? Books! Some rush eagerly 
at the way out: literature can provide the 
information and perspective that they 
need to discover who they are. Most of 
the rest follow along, if not convinced at 
least willing to be shown. The remain- 
ing few drag grudgingly behind, feeling 
somehow that they have been tricked, 
but not knowing quite how to object. 
My job for the rest of the semester, then, 
is to help each student to see how litera- 
ture does indeed supply him with a meas- 
ure of the world in which he lives, of the 
people who inhabit it, and of himself. 

Now that I have begun a course for 
you, let me take you to the conclusion of 
one to let you hear what the students 
themselves say about “Perspectives 
Through Literature.” Several years ago, 
Dr. William M. Schutte and I ran a 
fifteen-week seminar in the modern Amer- 
ican novel with the cameras of WQED, 
Pittsburgh’s educational television station, 
peering over our shoulders. The mem- 
bers of the seminar were all regularly 
enrolled professional students at Carnegie 
Institute of Technology, from the depart- 
ments of architecture, chemistry, drama, 
home economics, mechanical engineering, 
and printing management (two sopho- 
mores, one junior, and four seniors; two 
women and five men). For fourteen 
weeks these students attended this weekly 
seminar in “The Novel and Modern Liv- 
ing,” in which they discussed Heming- 
way’s A Farewell to Arms, Cummings’ 
The Enormous Room, Fitzgerald’s The 
Great Gatsby, Lewis’ Babbitt, Wolfe’s 
You Can’t Go Home Again, Steinbeck’s 
The Grapes of Wrath, Faulkner’s The 
Bear, and Warren’s All the King’s Men. 
On the fifteenth week, when they dis- 
cussed “The Uses of Literature,” we 
taped the audio portion of the program. 

We opened the session by asking them, 
“What good is literature anyhow?” Here 
are some of the things they said. A 
junior in printing management (and the 
only veteran in the group) began with, 
“It’s a lot of fun to read, first of all.” 
A senior in architecture said: 
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I find that it represents life to me, in the 
sort of form that I can perceive how life 
affects me. Many things that I live through 
as I pass through life are nothing, and when 
I read a book I suddenly see things that I 
have done before but never have thought 
about. And in this way books make me 
conscious of things that I usually do and 


show how I can do them better, or that I © 


should not do them at all. 


A senior in printing management ob- 
jected: 


An interesting novel doesn’t necessarily have 
to be related to the individual. You don’t 
have to see yourself in a book. It can be 
something that is completely abstract; it can 
be a fairy tale, and yet from the fairy tale 
you can extract something. And you don’t 
even necessarily have to apply it to your own 
life. But you're constantly learning when 
you're reading, regardless of the nature of 
the book. 


A sophomore chemistry major added a 
different idea: 


Well, I think it’s a sugar-coating on a some- 
times bitter pill. Things that we might nor- 
mally avoid—like history or psychology— 
when they’re presented in the form of a 
novel, subtly work themselves into our mind 
as we read, In this course we've gotten a 
pretty fair acquaintance with life in America 
in the ’twenties, ‘thirties, and "forties and the 
different problems and feelings and ideas 
that the people had during those times, 
something that I don’t think we could have 
gotten as well through a condensed course 
in history or sociology. 


A sophomore in mechanical engineering 
said: 


I see books not only as an outlet, as the 
opportunity for self-improvement that Ed 
mentioned, but also perhaps as an outlet 
in some cases for a particular problem. In 
a sense perhaps a form of rationalization is 
possible. By identifying yourself with a par- 
ticular character, seeing that he suffers the 
same tribulations you do, perhaps working 
out the same solutions and having the same 
form of enjoyment out of life, you are some- 
times able to derive more pleasure out of 
your own activities and to derive less pain 
from those disappointments that you get out 
of life. 


Our senior in home economics jumped in 
with: 
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I get a tremendous amount out of a lot of 
these books. We feel—and I very definitely 
feel—that home economics is one way jy 
which we can help people to express them. 
selves, to become individuals. We've 4l. 
ready recognized in our discussions on earlier 
programs that there are many areas in which 
we have to conform today. But your hom 
is one place where you can and should e. 
press yourself, And when I read a book like 
Babbitt, where I see such standardization 
carried to extremes, I have to contrast what 
happens there with what I feel, what a 
ideal situation would be. 


To which our student of architectur 
added: 


There is another way literature may affect 
our professional life. Many times wha 
were doing something, for instance in: 
creative profession, we feel depressed be. 
cause we just can’t get what we want tp 
get. And by reading novels, sometimes we 
see the same situation. For instance take 
a book like Of Human Bondage, where th 
hero gets into a profession for which he i 
not fit or he thinks he is not fit. When we 
read about him, it makes us feel better be 
cause we realize that there are other peopl 
that are in the situation we're in. We dont 
feel as bad as we did before. 


And on it went *—“unsolicited testim- 
nials” of the kind sought (and eva 
bought) by Madison Avenue accout 
executives promoting  cherry-flavore, 
eighty-proof cough remedies or roomie, 
boomier, and zoomier status wagot. 
Only these testimonials never found thet 
way into television commercials or ont 
violently colored posters in trolleys, bus: 





and subways. Old Fitzgurgle’s Bourba 
can be made attractive to all sorts d 
Americans. The concept of “Perspe 
tives Through Literature,” evidently, i 
the wrong kind of corn. 

Let me offer one more testimonid 
again, as it happens, from a course i 
the modern novel. This paragraph comé 
from the final exam of an attractive av 
perceptive young lady: 





One problem which I must confess dismay 


me was women’s part in society and womel 





3 For the entire discussion, see William \ 
Schutte and Erwin R. Steinberg, y 
Good is Literature Anyhow?” Journal! 
Higher Education, June, 1958. 
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relation to man. Perhaps because I had not 
had a reading course in college before, I 
did not realize that this problem existed. 
[ thought that men’s views on women’s pur- 
pose and place in society had changed with 
the vote for women’s suffrage. Obviously 
after being assailed by the authors on one 
hand and the masculine members of the 
class on the other, this is a problem which 
is not nearly solved. And the trouble is 
that college educations seem to make mat- 
ters worse instead of better. In most of the 
novels the woman’s part was dismally servile 
in comparison to the man. Unless the 
woman were of the homey, doormat type of 
Catherine in A Farewell to Arms or the 
pretty but useless decoration of Daisy in 
The Great Gatsby, she ended up the cause 
of man’s troubles, like Marjorie Carling in 
Point Counterpoint, or as ineffectual as Mrs. 
Dalloway. If this is the period of freedom 
of the individual advocated by Rupert and 
Rampion, what happened to the women? 
The women who were portrayed as whole- 
some, warm characters were very few. Even 
Mary Rampion only said the things she had 
heard Mark express. I don’t feel exactly 
crushed myself, but it certainly makes me 
feel as though something is wrong when so 
many conflicts are expressed. 


For each of the students I have quoted, 
literature offers some sort of perspective. 
Some of the students are so concerned 
with the pressures of their personal lives 
that they look to literature for situations 
comparable to the ones in which they 
find themselves. Others are able to go 
to literature for what we like to call “the 
broader view.” 

Specifically, then, what sort of perspec- 
tives can literature provide for the stu- 
dent of engineering and science or for 
any studentP It can help him to explore 
important relationships: the relationships 
between man and his God, between man 
and his fellow man, and between man 
and his inner self. Within these broad 
areas, it can provide subject matter and 


WHO AM I AND WHO ARE YOU? 
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context for exploring such human prob- 
lems as: 


the relationship of parents and chil- 
dren; 

the relationship of men and women, in- 
cluding romantic love; 

the relationship of man to the physical 
world; 

the function and nature of religion; 

the integrity of the individual; 

free will and determinism; 

respectability and conventionality; 

class distinction; 

materialism; 

nationalism; 

political democracy. 


These, of course, are only a few. 

I should add here that, although it 
may sound that way from what I have 
said, I am not recommending that litera- 
ture be treated as a social science or be 
used as a nostrum or patent medicine for 
what has come to be called bibliotherapy. 
(Prescription for young man with obvi- 
ous Oedipus complex: read The Silver 
Cord and take a short course in Philip 
Wylie. Prescription for illegitimate young 
lady who does not know who her father 
is: read The Scarlet Letter and Silas 
Marner.) Because I have focused on 
only one aspect of literature—its value in 
providing the student with perspective 
for living—I have stressed what some of 
you may feel is its utility. I think that 
we must also help the student to under- 
stand the artistic dimension of literature. 
But I would add quickly that we should 
approach art through meaning. For if 
meaning is not literature’s only dimen- 
sion, it is certainly its most important di- 
mension. And through it, we can help 
the student to understand his fellow man, 
the world in which he lives, and himself. 





NEW DEAN AT USC 


Alfred C. Ingersoll, formerly Associate Professor of Civil Engineering at the 


California Institute of Technology, became Dean of Engineering at the University of 
Southern California on February 1. 
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Chairman’s Message 


ARCHIE HIGDON 


Professor and Head of Mechanics, 
U. S. A. F. Academy 


Hats off to our Program Committee for 
a well planned program! Personally, I 
am very well pleased with the prospects 
of a fine program at Purdue in June 1960. 
Details on the program are included in 
this Bulletin. 

Is the Division, and in particular, the 
Executive Committee, coming to grips 
with the real problems in mechanics? 

Perhaps my first question should be— 
what problems do you want studied by 
the Executive Committee? For example, 
do you want a summer school for me- 
chanics teachers in the near future? Our 
last one was at Iowa State University in 
1950, and in my opinion it was extremely 
worthwhile. Do you want a real study 
of the pros and cons of vectors for under- 
graduate mechanics, or do you already 
have all the information you want on 
this subject? I find far too many opin- 
ions and too little specific information on 
the advantages of vectors for a beginning 


course. Last year we had some success, 
or at least experience, with “so-called” 
standard examinations in statics and dy- 
namics. Many groups, such as the Amer- 
ican Chemical Society, have developed 
widely used and presumably effective Na- 
tional Standard Examinations. Are we 
overlooking an important area for general 
improvement of mechanics teaching by 
not putting more effort in the develop- 
ment of examinations which can be used 
any time, anywhere and compared to re- 
sults achieved at other engineering col- 
leges? 

These are only a few suggestions. 
What we really need is for each member 
of the Mechanics Division to write us a 
letter now, setting forth ideas and sug- 
gestions for study and action by the Ex 
ecutive Committee. To be of most value, 
such letters should reach us before the 
Annual Meeting at Purdue. 


Mechanics Division Program at the ASEE Annual Meeting, June 20-24 


Monday, June 20, 1960 


6:30 p.m. Dinner: Executive Committee of 
the Mechanics Division. 





* Division Representative on the General 
Council. 








Tuesday, June 21, 1960 
2:00 p.m. Conference: 

Presiding: Dale R. Carver, Head, De 
partment of Engineering Mechanics, 
Louisiana State University, Baton 
Rouge, Louisiana. 
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Speakers: Herbert R. Lissner, Chair- 
man, Department of Engineering 
Mechanics, Wayne State Univer- 
sity, Detroit, Michigan. 

Title of talk: Biomechanics Re- 
search, 

J. L. Meriam, Chairman, Mechanics 
and Design, University of Califor- 
nia, Berkeley, California. 

Title of talk: Variable Mass Dy- 
namics. 


Wednesday, June 22, 1960 


12:00 noon Luncheon: Mechanics Division 
Presiding: Archie Higdon, Colonel, 
Head, Department of Mechanics, 
U.S.A.F. Academy, Colorado Springs, 
Colorado. 

Business Meeting. 

Speaker: O. Hobart Mowrer, Research 
Professor of Psychology, University 
of Illinois, Urbana, Illinois. 

Title of talk: A New Theory of 
Learning. 
2:00 p.m. Conference: 

Presiding: Fred C. Lindvall, Chairman, 
Division of Engineering, California 
Institute of Technology, Pasadena, 
California. 

Theme: Substance and Objectives of 
Typical Curricula in Engineering Me- 
chanics, Engineering Sciences and 
Engineering Physics. 
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Panel: Paul F. Chenea, Head, Depart- 
ment of Mechanical Engineering 
Purdue University, Lafayette, In- 
diana. 

J. H. Meier, Manager, Applied Me- 
chanics Solids Group, General Elec- 
tric Company, Schenectady, New 
York. 

Charles E. Taylor, Department of 
Theoretical and Applied Mechan- 
ics, University of Illinois, Urbana, 
Illinois. 

4:30 p.m. Conference: 

Presiding: Archie Higdon, Colonel, 
Head, Department of Mechanics, 
U.S.A.F. Academy, Colorado Springs, 
Colorado. 

Theme: Use of 16 mm Color Films 
and Closed Circuit Television in 
Teaching Materials Laboratory. 

Speakers: Charles O. Harris, Head, De- 
partment of Applied Mechanics, 
Michigan State University, East 
Lansing, Michigan. 

Title of Talk: 16 mm Film “Calibra- 
tion Experiment” Used in Teaching 
Materials Laboratory. 

Harry R. Wetenkamp, Professor, De- 
partment of Theoretical and Ap- 
plied Mechanics, University of II- 
linois, Urbana, Illinois. 

Title of talk: Use of Closed Circuit 
Television in Teaching Materials 
Laboratory. 


NEW ENGINEERING-SCIENCE LABORATORY AT CLARKSON 


The construction of a $1.5 million Engineering-Science Laboratories Building at 
Clarkson College of Technology will begin about the middle of May according to an 
announcement made by President William G. Van Note. The building is expected to 


be ready for occupancy by the fall of 1961. 


The 60,000 square foot building, designed for use by all departments of the 
college, will provide increased laboratory facilities, classrooms and office space for 
chemistry, electrical and civil engineering. Dr. Van Note added that it will fulfill 
Clarkson’s current requirements for academic facilities as well as the additional needs 
that will arise as enrollment mounts. The college, with an enrollment of 1,535 today, 


expects to have 1,800 students by 1965. 








The Place of Mechanics as an Essential Foundation 


of the Engineering Sciences 


DONALD C. HAACK 


Associate Professor, 
Department of Engineering Mechanics, 
University of Nebraska 


The relationship between mechanics 
and the various degree-granting curricula 
of an engineering college is often de- 
bated, sometimes with considerable vehe- 
mence. There can be little doubt of the 
direct practical relationship with the 
parts of civil and mechanical engineer- 
ing devoted to structural design, machine 
design and kinematics, but its relation- 
ship to some of the other curricula is less 
well established by direct practical need. 
It is the overall, broadly inclusive rela- 
tionship to engineering that we wish to 
discuss here. 

The advocates of a strong program in 
mechanics are sometimes hard-pressed 
to defend their position in the face of 
the growing body of specialized technical 
knowledge which must, supposedly, be 
packed into the short four years of an 
undergraduate curriculum. The real re- 
lationship of mechanics to engineering 
is quite simple and straightforward. This 
reason is often lost, however, in a bar- 
rage of rationalization attempting to jus- 
tify its existence on the basis of practical 
application in every branch of engineer- 
ing. For example, to say that every elec- 
trical engineer must take mechanics to 
be able to design the cross arm on a 
telephone pole or calculate the tension 
in a guy wire, or to say that chemical 
engineers need mechanics to be able to 
design a tank, are reasons worthy of 
neither utterance nor attention. 





Presented at the Kansas-Nebraska 
Sectional Meeting, October 1958. 
Recommended for publication by the 
Mechanics Division. 








The real relation of mechanics to every 
branch of engineering stems from the fact 
that precise concepts of force, torque, 
moment, energy, inertia pressure and 
other quantities common to mechanics, 
as well as the relationships between and 
manipulations of these quantities, are a 
fundamental part of competence in all 
branches of engineering. 

It is no simple coincidence that vir- 
tually all science remained at a standstill 
until the fundamentals of mechanics were 
developed. Mechanics was and is an es- 
sential, integral part of every branch of 
science and engineering. Mathematics 
stood ready for over 2,000 years waiting 
to assist in the development of science. 
Elementary surveying and geometry date 
back to 600 B.C., Pythagoras lived before 
500 B.C., Euclid 300 B.C. The Greeks 
at Alexandria not only knew that the 
earth was a sphere, but had measured its 
diameter with phenomenal accuracy well 
before the Christian era began. Yet sci- 
ence did not develop because men had 
not yet observed, defined, re-observed, 
correlated and finally conceived, in pre- 
cise thought and precise expression, that 
body of knowledge called mechanics. 

It is true that Archimedes (287-212 
B.C.) developed the principles of the 
lever, center of gravity and buoyancy. 
But the philosophy of Aristotle became 
established as the scientific creed of the 
early Christian Church and the supe 
structure of science could not develop 
on a foundation of laws that did no 
agree with nature. There were occ 
sional glimmers of light in the darkness 
In the 13th century Roger Bacon lived, 
experimented and philosophized. He 
was 400 years ahead of his time. Leo 
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nardo da Vinci (1452-1519) experi- 
mented, invented and, of particular in- 
terest to us, seems to have been the first 
to grasp the idea of the moment of a 
force. Copernicus (1473-1543) devised 
and published the heliocentric planetary 
theory, only to have his work declared a 
forbidden book. But the era of waiting 
was drawing to a close. Simon Stevinus 
(1548-1620) developed the principle of 
the inclined plane and the resolution and 
composition of forces by use of a paral- 
lelogram. Statics began to take form as 
a body of knowledge. And then, in 
1564, Galileo appeared. His scientific 
productivity began about 1590. He ex- 
perimented, observed, and set down what 
we now recognize as the laws of free 
fall. Dynamics was born. Eighteen 
hundred years after Archimedes, me- 
chanics became a science, though an- 
other half century was to go by before 
Newton added his crowning achievement. 
Once this was done, it was as though a 
cork had been pulled from an inverted 
demijohn and science came rushing out 
to meet the world. It has been but 230 
years since the death of Newton, but 
what an eon in terms of scientific de- 
velopments. 

To reiterate, mechanics was necessary 
to the development of the other physical 
sciences because very few of these sci- 
ences can be approached without precise 
connotations of what may be described 
as intrinsically mechanical phenomena. 
In this same way mechanics is related to 
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all the fields of engineering. For, what 
student can be expected to understand 
pressure, or a force field, or inertia with- 
out a prior understanding of mechanics 
for its own sake? Who really under- 
stands energy or work independent of the 
mechanical concepts of these phenomena? 
A study of statistical mechanics, for in- 
stance, shows that mechanical energy 
and heat energy are not only equivalent 
but identical at the most elementary level. 
There are ample examples of this sort, 
each showing that mechanics is one of 
the essential foundations of each of the 
sciences which finds its applied expres- 
sion in engineering. This is the true re- 
lationship of mechanics to all engineering. 

There is no doubt that elementary me- 
chanics can be and is taught at high 
levels of competence in college physics 
departments. The advantage of a me- 
chanics department in an engineering 
college lies in the fact that each teacher 
is not only competent in the mechanics, 
but also in at least one branch of engi- 
neering. 

One word of warning should be ex- 
pressed with respect to the relationship 
of mechanics to the various curricula. 
Nine or ten semester hours are not too 
long a time to spend in the study of the 
fundamentals of this essential foundation 
of the engineering sciences. But the 
same nine or ten hours are less than well 
spent if the subject matter included is 
over-expanded at the expense of the fun- 
damentals. 


MELLOH NEW DEAN AT IOWA 


Professor Arthur W. Melloh of the University of New Mexico faculty has been 
named Professor of Electrical Engineering and Dean of The State University of Iowa 
College of Engineering by the State Board of Regents. 

Professor Melloh’s appointment will be effective July 1. As head of the SUI Engi- 
neering College he succeeds Dean Francis M. Dawson, who retired in 1957 after 21 


years as Dean. 


At the request of University officials Dean Dawson had continued 


serving while a successor was sought, but illness forced him to withdraw from active 
duty in the college early last year. 








W. J. HALL AND J. D. HALTIWANGER 


Professors of Civil Engineering, 
University of Illinois, Urbana, Illinois 


Since civil engineering is to a signif- 
cant extent based on applied mechanics 
and physics, it is necessary that civil en- 
gineering educators periodically examine 
the undergraduate mechanics require- 
ments with respect to their adequacy for 
undergraduate education as well as for 
postgraduate education, whether it be 
formal or otherwise. The primary pur- 
pose of this paper is not to make a de- 
tailed appraisal of the content of existing 
courses, but rather to examine the ex- 
tent to which current mechanics instruc- 
tion is fulfilling the needs of civil engi- 
neering education, and to make several 
recommendations relative thereto. 

Examination of a typical civil engineer- 
ing curriculum will reveal that a student 
may have as much as three to four 
semester hours of statics and dynamics 
in physics courses, three to six hours of 
the same in formal mechanics courses, 
followed by strength of materials, hy- 
draulics, structural analysis, etc., in which 
the same principles commonly are ap- 
plied repetitiously. This is not meant 
to imply that repetition per se is to be 
avoided; indeed, observation reveals that 
efficient educational processes require a 
reasonable amount of repetition. Unfor- 
tunately, it is impossible to define pre- 
cisely the optimum amount of repetition 
in any curriculum because it depends on 
the caliber and motivation of the student 
as well as on the quality of the instruction. 
For very good students repetition of the 





Presented at the June, 1959, Annual 
Meeting of ASEE, at the University 
of Pittsburgh. Recommended for 
publication by the Mechanics Di- 
vision. 








Statics and Dynamics in Undergraduate 
Civil Engineering Education 


same basic principles of statics and dy- 
namics in physics, mechanics, and civil 
engineering courses is excessive and often 
may detract from the student’s interest or 
motivation. On the contrary, it seems 
probable that no amount of repetition 
would be sufficient to enable the very 
poor student to apply properly these 
basic principles, even though he may 
have successfully learned correct state. 
ments of them. 

Since the present curricula have 
evolved over a good many years into a 
rather systematic pattern throughout the 
country, it might be concluded that the 
current offerings have been considered 
to be more-or-less satisfactory in the case 
of the “average” student. The validity 
of this conclusion can only be resolved 
by experimentation and observation. In 
this connection, the interpretation of the 
results obtained even in “controlled ex 
periments” may be controversial, but this 
is no reason to avoid experimentation. 


Experimentation 

Recently we have seen some results of 
experimentation of this nature at Mich- 
igan State University.1 In this exper- 
ment, two groups of sophomore mechar- 
ical engineering students were observed. 
One group had the regular course in me- 
chanics in physics (hereafter often te 
ferred to as physics) followed by the nor- 
mal applied mechanics sequences (stat: 
ics and dynamics, hereafter referred to 
as mechanics). The other group by- 
passed the physics course and took only 
the mechanics sequence. It was cor 
cluded, among other things, that a ¢ 


1J. D. Ryder, “An Experiment in the Re 
duction of Physics Content,” Journat, Vol 
49, (November, 1958), pp. 118-121. 
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student received a grade of C in mechan- 
ics regardless of whether or not he had 
taken the physics course. In short, this 
limited study gave no indication that be- 
cause a student had mechanics in physics 
he performed better in the mechanics 
sequence, and seemed to indicate that 
“once a C student always a C student.” 
There is a possibility of course that even 
though the same grade was received by 
comparable students in each group, the 
level of proficiency obtained by the stu- 
dent who had the full sequence of courses 
was somewhat better than that of the 
student who had taken only the mechan- 
ies sequence. To ascertain properly the 
value of repetition in physics and me- 
chanics would require following the prog- 
ress of a large group of students for an 
extended period of time, perhaps even 
after graduation. 

It is encouraging to see some experi- 
mentation in this area and it is recom- 
mended that more experimentation of 
this and perhaps other types be under- 
taken to evaluate the effectiveness of in- 
struction in statics and dynamics. How- 
ever, even without extensive experimenta- 
tion programs, it is easy to make some 
general observations relating to this par- 
ticular problem. For example, insofar as 
the material given in mechanics and 
physics is concerned, some repetition is 
necessary from course to course, but it 
can be questioned whether the mechanics 
instruction should be presented, as is 
often done, on the assumption that the 
student is starting from scratch. The 
necessity for doing this is sometimes at- 
tributed to the fact that different systems 
of units are used in physics and mechan- 
ics instruction, namely the CGS and Eng- 
lish systems. While recognizing the de- 
sirability for familiarity with different 
systems of units, it seems rather éxpen- 
sive insofar as time is concerned to pro- 
vide the student with this familiarity by 
repeating in mechanics essentially the 
same material covered in physics only 
with a different system of units. This 
problem may seem minor, but actually in 
many cases it serves to obscure in the stu- 
dent’s mind the more important aspects 
of the areas under study. One obvious 
slution to this dilemma is to promote 
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coordination between the physics and 
mechanics departments as suggested later, 
or under the present course organization 
to institute a short transition period 
wherein the relationships of different sys- 
tems of units are demonstrated. 

In other words, on the present basis 
should not some advantage be taken of 
the fact that the student has had rather 
extensive instruction in statics and dy- 
namics previously in physics? The same 
observation can be made regarding the 
extent to which the material presented 
in physics and mechanics is repeated still 
again in the elementary structural analy- 
sis courses that are given as a part of 
civil engineering curricula. As a par- 
ticular case in point, consider the com- 
putation of reactions for structures sub- 
jected to external forces. Examination of 
typical course outlines reveals that this 
material has been covered in some detail 
in physics, is repeated identically and 
perhaps in some cases not even as thor- 
oughly in the mechanics sequence, and 
again is emphasized and repeated in de- 
tail in the beginning structural analysis 
course in civil engineering. There are 
some special applications that are consid- 
ered in structural analysis courses which, 
for various reasons, do not commonly ap- 
pear in the earlier courses, as for exam- 
ple the three-hinged arch; however, there 
is a question as to whether this is really 
a special case. Since all that is involved 
is the application of the equations of 
equilibrium, there would seem to be no 
reason why this case should be singled 
out for special attention in the earlier 
courses or moreover even in the struc- 
tural courses. In fact, singling out so- 
called “special cases” may lead the stu- 
dent to believe that these are particularly 
difficult when on the other hand they are 
nothing more than routine insofar as ap- 
plication of the principles is concerned. 


Need for Coordination 


In examining the material presented in 
the various courses, one obtains the im- 
pression that it would be highly desirable 
for the staffs of the civil engineering, me- 
chanics, and physics departments to co- 
ordinate their efforts. A study of some 


typical course outlines for statics and 
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dynamics covered in physics and in me- 
chanics reveals a significant amount of 
parallel coverage, almost hour by hour 
in some cases. If the courses are con- 
sidered individually it is apparent that 
the student receives only an hour or two 
of instruction in any one topic in each 
course. When presented piecemeal the 
principles commonly are remembered as 
abstract formulas or procedures not really 
connected in any way, each topic being 
in a separate realm as if it were a sub- 
ject in itself. 

Considering the courses together there 
seems to be ample time allotted, on the 
whole, for more efficient coverage of the 
subject matter. If this observation is 
correct, then it should be possible within 
the present time allocation to reorient the 
courses so that the student would have a 
better understanding of the subject mat- 
ter, at the time he has finished this se- 
quence of courses, than he does under the 
present arrangement. In arriving at such 
a new set of courses or realignment of 
existing courses it might be helpful to 
keep in mind the framework of coverage 
prepared by the Follow-Up Committee 
on Evaluation of Engineering Education 
—Mechanics of Solids.? 

It is interesting to note that after the 
draft of this paper had been prepared an 
article appeared in the JourNAL,® that 
reflects the same general picture noted 
above. 

As one possible example of better util- 
ization of time and change in method of 
instruction, refer again to the computa- 
tion of reactions for some type of struc- 
tural system. This subject would nor- 
mally have been introduced in the me- 
chanics course in physics, as a part of the 
consideration of the equilibrium of forces. 
With an introduction to this material in 
physics, it is undoubtedly desirable to 
consider it again, perhaps within a 
slightly different framework, in the me- 
chanics sequence. However, would it 


2 “Report of the Follow-Up Committee on 
Evaluation of Engineering Education, Me- 
chanics of Solids,” JournaL, Vol. 49, (Oc- 
tober, 1958), pp. 39-44. 

3R, J. Seeger, and E. Weber, “Report on 
Physics in Engineering Education 1958,” 
Journat, Vol. 49, (May, 1959), pp. 780-782. 
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not be possible and desirable in the sec. 
ond course to extend the discussion to in- 
clude consideration of both external and 
internal force systems? By this is not 
meant merely axial stresses in bars as 
might be exemplified by ideal trusses, 
but instead such things as the intemal 


’ force systems that are necessary to main- 


tain equilibrium in beams, trusses, frame- 
works, etc. Commonly it is believed that 
a student should have a rather thorough 
understanding of the concept of stress 
and its implications before studying the 
internal force systems in a beam. How. 
ever, this may not be a necessity when 
presented in the manner noted and might 
lead to a more realistic and easier un- 
derstanding of what is.meant by stress 
distribution. This would serve a two- 
fold purpose in that it would provide an 
early introduction to material that com- 
monly is not considered until the student 
receives instruction in strength of mate- 
rials and at the same time would give 
depth and breadth to his understanding 
of the necessary conditions of ‘static 
equilibrium of force systems. In turn an 
early introduction would provide a better 
foundation for the assimilation by the stu- 
dent of material given later in strength 
of materials and elasticity, and might 
well make it possible to incorporate into 
the undergraduate strength of materials 
courses a substantial part of the theory 
now commonly appearing in advanced 
mechanics of materials courses. 
Likewise, almost the same comments 
could be made regarding the use of pre- 
vious material in the introductory struc 
tural analysis courses in civil engineering 
Using the same example of reaction com- 
putations for structural systems subjected 
to external forces, why is it necessary in 
the civil engineering courses to dwell o 
this subject for an additional two or per 
haps three weeks? Indeed this time 
might better be spent elaborating o 
other topics such as shear, bending mo 
ment, torsion, etc. that normally would 
have been presented in a basic manne 
in the earlier mechanics and strength 
materials courses. If this plan were fol 
lowed, the coverage given in the civil er 
gineering courses would be enhanced, 
with the result that a better grasp of the 
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entire subject should be obtained by the 
students. It might even be possible to 
provide the student with an introduction 
to the theory of elasticity earlier than is 
currently customary; from the standpoint 
of structural analysis and design this 
would be particularly desirable. 

While commenting on this situation, it 
might be well to point out the obvious 
fact that preferably the subject matter 
should be taught by the most highly 
qualified staff members. However, this 
is likely to be just as difficult in the 
future as it is at the present time for 
the simple reason that in many cases the 
time and interests of these men are di- 
rected toward advanced teaching and re- 
search. Moreover, the very large number 
of students that must be funneled through 
the basic undergraduate courses makes 
it almost impossible, particularly in the 
larger schools, to consider senior staffing 
of most of these courses. From a prac- 
tical point of view it is necessary to use 
inexperienced young staff members, fre- 
quently teaching assistants and students 
who are working on advanced degrees. 
By their very nature, many of these 
young men do not have as their primary 
goal the effective teaching of the students 
entrusted to them, but instead are more 
concerned with their own personal im- 
mediate advancement. The solution to 
this particular problem is obviously very 
complex but may tend to resolve itself as 
improved economic conditions permit 
more highly qualified teachers to be re- 
tained in the teaching profession. 
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Constant Improvement 


With respect to general educational 
philosophy, all university departments 
should be striving constantly to improve 
their respective curricula. This requires 
that the basic courses be revised period- 
ically to permit the subsequent changing 
of courses following later in the curric- 
ulum. If the students that enter the vari- 
ous types of industry are to perform sat- 
isfactorily within a reasonable amount of 
time, it is necessary that while in school 
they be given adequate education to 
meet the technological requirements of 
the times. This means that periodic ex- 
amination and revision of sequences of 
courses as suggested above and occa- 
sional deletion of material made obsolete 
by advancing technology are required to 
create time for the introduction of new 
material as it arises. 

On a personal note, at the University 
of Illinois within the past year we have 
revised our civil engineering curriculum. 
Through extensive critical examination of 
previously given courses, we have found 
it possible to delete a considerable amount 
of material and, by relying more heavily 
on the student’s previous background, to 
provide a number of new offerings to 
meet the objectives of the new curric- 
ulum. By no means are we completely 
satisfied with the revised curriculum, and 
after a few years it is likely that we shall 
find further revisions desirable and neces- 
sary. Indeed such constant revision is 
a necessity if we are to keep pace with 
the times. 





CIVIL AND MECHANICAL IN ONE SCHOOL 


The Schools of Civil and Mechanical Engineering at the University of Pennsylvania, 
which have long been separate units, will be combined to form the Towne School of 


Civil and Mechanical Engineering. 


According to President Gaylord P. Harnwell of the University, the action is being 
taken in recognition of the fact that a number of subjects, including structures, me- 
chanics and fluid flows, are of common interest to students in both schools. 

In addition, the merger will offer greater opportunity for the further development 
of instructional and research programs in engineering mechanics, aeronautics and other 


studies related to space, he pointed out. 


The graduate program in engineering mechanics, now an_ inter-departmental 
program, will center in the new school, where the master of science degree in that 


field will be awarded. 


It is expected that the jointure of the schools will be completed before the opening 


of the University’s 1960-61 academic year in September, according to Dr. Harnwell. 





F. W. NIEDENFUHR 


Associate Professor of Engineering Mechanics, The Ohio Sate University 


In a recent issue of this JourNaAL! I 
discussed a solution of the beam bending 
problem which appeared to me to be 
suitable for presentation in elementary 
courses on strength of materials. This 
note is a discussion of the elementary 
torsion problem from the same point of 
view that was taken in the beam analysis. 
Since in most courses and texts on 
strength, the analysis of bending follows 
soon after that of twisting, there may be 
some advantage in presenting both prob- 
lems in the same light. 


1. The Differential Equation of Twisting 


Let + = 7(z) be a distributed torque 
per unit length applied to a circular shaft, 
an element of which is shown in Figure 1. 


La 


Fie. 1. 


T is the total torque supported at a cross 
section. By taking moments about the 
axis of the element we find easily 


—r=DT (1) 


‘ d 
where D = dn* 

The differential angle of twist of the 
element of length dz is 


Tdx 
dé = Gr (2) 


1“Teflection of Beams,’’ JourNAL Vol. 50 
(Dec. 1959), pp. 273-276. 





The Elementary Torsion Problem 


Combining equations (1) and (2) we 
arrive at the differential equation of 
twisting 
OY eas 
D6 GI (3) 
Equation (3) is to the theory of twisting 
that the equation D‘y = q/ET is to the 
theory of bending. 
The solution of equation (3) is easily 
discovered to be 


1 
0 = Cot Cit — Ge Dr (4) 


where 
pa = ‘ so that DD =1. 
0 


The constants of integration are found 
by setting x equal to zero in equation (4) 
and its first derivative so that 


Co = 6(0) = 0 and Ci = D@(0). 


Taking account of equation (2), however, 
we see that C; = D6(0) = To/GJ where 
T, is the torque in the bar at the cross 
section z = 0. The solution of equation 
(4) may then be written in the form 


= Oo + 4 [Tox = Dr) (5) 


which is in analogy with equation (4) 
of Reference 1. 


2. Examples of Twisting of Uniform Bar 


As a first example, consider the bar 0! 
Figure 2, loaded by a uniformly dit 
tributed torque over its outer part, ani 
clamped at the left end. Taking the 
origin for x at the clamped end, we have 
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THE ELEMENTARY TORSION PROBLEM 
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Fie. 2. 


directly from equation (5): 


ita 


j=0+a 


7 [r(L—a)a] 


for «<a, 


7 Ur (Lh —a)x—t(x—a)?/2!] 


for x>a. 


As a second example, let the bar of 


Figure 2 be clamped at both ends. 


The 


torque, 7'o, at the origin is now statically 
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indeterminate, hence unknown. 
from equation (5) we write 


Then, 


= 0+ [Tor] for x<a, 


d= 04a 7 Tor — tT (%—a)?/2!] 


for z2a. 


T can be found from this last equation 
by setting 6 = 0 at x = L on account of 
the clamping there. Hence, 


To = r(L — a)?/2L. 


As a third example, let us take the bar 
of Figure 3 with several concentrated 
torques acting on it, and clamped at both 
ends. This is a typical line shafting 
problem and is analogous to the bending 
problem of a beam clamped at both ends 
and carrying several concentrated forces. 
Again from equation (5), we write 





= Gy (Pot) 0<e< hy, 
6 = (Pw — Tile — L)] Ii<2< L,, 
1 (8) 
Seer I:<2< Ls, 
0 = oo [Por — Tile — Li) — Tale — Ls) ~ T(x — L)] Is S 2S Le 


In these last 


equations, the origin has 


again been taken at the left end and the 


quantity 7" is 


lem is statically indeterminate. 


unknown since the prob- 
The de- 


tails of the integration of the load func- 
tion in this case are exactly the same as 
the integration of a concentrated load 


~ 























ig re . 
Y— g 
Vv, 
YY. 7 
x : | 
Ss ee 
Fig. 3. 





function in the beam bending problem 
discussed in Reference 1. The unknown 
torque 7p is of course obtained from the 
condition of clamping at the right hand 
end of the shaft, so that, from the last 
equation: 


1 
T) = a CTi(Ls — Li) + T2(Ls — Le) 
+ T3(L4 — Ls) ] 


3. The Concept of a Step Function 


The labor of writing equations for the 
case of discontinuous loads may be con- 
siderably lightened by the introduction 
of step functions and pulse functions. 
Define the step function I’, as follows: 


r,=0 
r= 1 


woos <a 


9 
Hw z>a (9) 
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The product of a step function and an 
arbitrary function, g(x), is 
Pag(2)-=20) al” wae 
and 
for >a (10) 


Making use of this concept we can 
write all four of equations (8) in one 
equation as follows: 


Tug(x) = g(x) 


= a [Tor — Ti 1, (2 —' Ey) 
a fe ee 


— T3l'1,(x = L3) ] (11) 

In order to obtain equation (11) for- 
mally from equation (5) we need to intro- 
duce another discontinuous function, I’,’ 
which may be thought of as the ‘‘deriva- 
tive’ of the step function. I,’ is the 
Dirac Delta Function, and has the fol- 
lowing properties: 


T.=0 if 2+a, 
| T.’dz = 1, (12) 
D“T,/=T, (a> 0). 


In terms of this new function we may 
write the distributed torque, 7 (x), for the 
bar of Figure (3) as 


T(x) = yy ad + TI,’ + iv i,: (13) 


1 
ay D~7, of equa- 
tion (3) is then obtained by twice inte- 
grating equation (13) from zero to 2, i.e. 


The particular solution 


D>r(2)=Ti1,4+7TT1,4+7s'1, (14) 
and 
D-?r(x) =T iT 1, (x—Lh) 
+TIVro(a—L,)+T30'1,(a—Ls3) (15) 


since 


; T'.dx = T4(x — a). 
0 


Making use of equations (15) and (5), 
equation (11) can be written down 
directly. 
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It is perhaps redundant to add that the 
functions I’ and I’ (and indeed, I”) find 
similar use in the beam bending problem, 


4. Nonuniform Bars 


In the case of a bar whose cross section 
varies along its length, equation (3) must 
be replaced by 


D(kD@) = — 7 (16) 


where k has been written for the torsional 
stiffness in place of GJ, so that (16) refers 
to a bar of any cross sectional shape. 
The first integral of equation (16) is 


kD@ = — D'7+ To (17) 


and the second integral is 


-1 
o=—p>| 2] +700 =| +6, (18) 
k k 
An example of the application of equa- 
tion (18) might be an airplane wing 
whose torsional stiffness k varies in a 
known manner and is subjected to a dis- 
tributed torque 7 which arises from the 
pressure over the wing area. In this case 
7 is also a function of the local twist angle 
@ and equation (18) is an equation of 
aeroelasticity. In most cases of this 
type an iterated process of graphical 
or numerical integration is necessary to 
solve (18). In many less complicated 


cases, however, equation (18) may bef 


solved analytically. 


5. Conclusion 


It appears that strength of materials 
can be taught more effectively if there is 


a unity of method applied to the variow > 


problems treated in the course. In par 
differential equation and its solution, and 
of studying that solution in detail whieh 
is so basic in all engineering analysis 
should be stressed. This method 
handling torsion and the previously dis 
cussed solution of the beam equation 
seem to fit together very well in this 
respect. Further formal analogies exist, 
viz: the problem of stretching of axially 
loaded bars can be phrased easily enougi 
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in terms of the equation in the class room. If strength studies 
have been preceded by a course in dy- 
namics, it is also worth while to mention 
the dynamic equation 


_ FO 
om 


p(x) 


Du = AR 


(19) 


where u is the displacement, p(x) is the 
axial load per unit length on the bar, A 
is its cross sectional area and £ is Young’s 
modulus. Comparison of equations (19) 
and (3) indicates that there is an exact ( 
formal analogy between the twisting of 

a bar and the stretching of a bar, and this 
also may be worthy of some exploitation 


Dx (20) 


where D now means «) for a particle 


of mass m acted upon by a force F which 
depends on time only. 


NSF GRANTS FOR SUMMER CONFERENCES 


The National Science Foundation has announced grants totaling approximately 
$275,000 to colleges and universities in support of sixteen Summer Conferences for 
College Teachers of Science and Mathematics. Although the title does not indicate 
it, two of these are directly in engineering. 

The Conferences are designed to strengthen teachers’ mastery of newer develop- 
ments in science and mathematics and to help increase their effectiveness in the class- 
room. The more than 500 participants will receive stipends of up to $15 a day plus 
travel allowances. Stipend holders pay neither tuition or fees. 

Participants will be chosen by the Conferences, not by the National Science 
Foundation. Inquiries and applications should be addressed to Conference directors. 


| Early inquiry is advised. The engineering Conferences are: 


Michigan 
Detroit, University of De- Prof. Paul M. Reinhard, Graphics in Scientific Engi- 
troit, Mich. Chairman, Dept. of Engin. neering 
Graphics 
Missouri 
Washington University, St. Dr. Gerald L. Esterson, Systems Engineering Theory 
Louis, Mo. Dept. of Chemical Engin. for Chem. Engin. Teachers 








How is Mechanics of Fluids Being Taught? 


J. W. HOWE 


Professor and Head, 
Mechanics and Hydraulics Department, 
State University of Iowa 


Early in 1957 an ad hoc committee 
consisting of R. C. Binder, W. C. Nelson, 
Hunter Rouse, A. H. Shapiro, R. L. 
Sweigert, J. V. Vennard and V. L. 
Streeter, as chairman, made a short but 
important report on the desirable char- 
acteristics of undergraduate courses in 
mechanics of fluids. Because of its brev- 
ity and because there may be those 
among us who did not see it or whose 
memories are leaky, this report will be 
repeated as the basis for later comment. 


Report of Ad Hoc Committee 
on Mechanics of Fluids 


“Some need for an understanding of the 
behavior of fluids at rest and in motion per- 
vades every branch of engineering, and the 
subject of fluid mechanics has reached an 
extraordinary degree of ramification. Spe- 
cialized ideas and methods have been de- 
veloped to meet particular problems in the 
field of civil engineering, mechanical engi- 
neering, aeronautical engineering, chemical 
engineering, meteorology and oceanography, 
acoustics, and magnetohydrodynamics. It is 
quite evident that an introductory course 
cannot begin to cope with this diversity. 
But it is equally true that there is a common 
core of fundamental ideas, conceptual mod- 
els, and basic principles on which the di- 
versity is built. Effectively grasped, this 
core endows an individual with the capacity 
and, even more, the intellectual courage, to 
approach problems in fluid motion with 
some degree of effectiveness and compe- 
tence. 

“The undergraduate work in fluid me- 
chanics, whatever else it may do, should aim 





Presented at the June, 1959, Annual 
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Moreover, it should do so in a manner which 
best arms the student to confront the variety | “i? ° 
of situations which, sooner or later, he must dimens 
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and generality is implied by these state. weeded 
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The important thing in this balance is that § pid } 
practical examples are chosen and presented 

not alone for their own sake but for ther) "e: 
aptness in demonstrating the use and power a point 
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“Within this context of general principles, 
the instruction in fluid mechanics could ke 
given in any one of several departments, or 
in several simultaneously. Furthermore, pn- 
vided that the content and spirit of the 
fundamentals here referred to are made a 
integral part, the undergraduate instruction 
may proceed in some depth along one of 
many directions. ". Effe 

“It would be self-defeating and devitaliz | . 
ing to avoid or to denigrate practical prob- 
lems. But these should be introduced as an 
integral part of the scheme to create in the imodel 
student a potential, in terms of intellectul the moti 
and psychological fitness, for dealing with}. 
practical problems of increasing scope ani dhding 
variety. 
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types of situations, one may be obliged to Wj 
reduce rather than expand the amount of “agl 
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What is asked for here is that we face tp ete 
fundamentals squarely without evading theif}, Effect 
difficulties. This is the surest way to To th 
engendering both confidence and ability.” ° aad 
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tsential Subject Matter in the 
Undergraduate Curriculum 
on Fluid Mechanics 


“| Introductory Material 


This portion of the subject matter has a 
threefold task. First, to correlate the sci- 
ence of fluid mechanics with those engineer- 
ing sciences directly related to it—primarily 
the mechanics of solids, but also thermo- 
dynamics and properties of materials. Sec- 
ond, to differentiate it from the others by 
virtue of the distinguishing properties and 
behavior of fluid matter. Third, to intro- 
duce on an elementary basis the aspects of 
dimensional reasoning which should be com- 
non to all engineering science but are most 
needed in fluid mechanics because of the 
various properties involved. 


“. Fundamental Concepts and Principles of 
Fluid Motion 


The fundamental concepts are: velocity at 
apoint, and the velocity field; stream lines; 
local and convective acceleration; mass den- 
ity; normal and tangential stress; and body 
forces. The fundamental principles are: the 
pinciple of mass conservation as embodied 
in the continuity theorem; and the New- 
tian laws of motion as embodied in the 
equations of flow, including the momentum 
theorem and the theorem of mechanical 
energy for regions of space. 


‘3. Effects of Fluid Inertia 


Many of the important aspects of fluid 
notion may be introduced by investigating 
amodel in which the only force influencing 
the motion is that due to pressure gradients. 
this may be explored at various levels in- 
duding the elementary pressure-velocity re- 
itioship for unsteady or non-uniform flow, 
vortex motion, and irrotational flow. 


‘4, Effects of Fluid Weight 


With the treatment of hydrostatic loading 
inthe initial course in statics, the effects of 
hid weight, or gravity, in fluid motion can 
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more broadly treated in terms of the 
-term Bernoulli equation as a super- 
psed hydrostatic pressure in confined flow 
ud an accelerative force in unconfined flow. 
fee-surfaced conditions may be exemplified 
ly deep-water waves, by open-channel phe- 
mena, or by more general density stratifi- 
ations in the atmosphere, ocean, or settling 
usin, with the Froude number as the key 
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To the extent that turbulence is a viscous 
tenomenon, or that molecular. and eddy 
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viscosities are parallel concepts, this section 
includes both non-turbulent and turbulent 
motion. Particular emphasis is placed on 
surface and form resistance of immersed 
bodies and of conduits, with the Reynolds 
number as the key parameter, as well as 
highly viscous flows in which the fluid den- 
sity is unimportant. Essential topics are 
laminar and turbulent shear, boundary-layer 
theory, form drag, resistance of smooth and 
rough surfaces. 


“6. Effects of Fluid Elasticity 


To the extent to which the compressibility 
of a gas can be treated like that of a liquid, 
this phase of flow belongs to fluid mechanics 
rather than thermodynamics. However, 
there are pertinent analogies between sound 
waves and gravity waves that should be un- 
derstood in terms of the Mach and Froude 
numbers as key parameters. Moreover, the 
extent to which liquids and gases can be 
treated as incompressible with negligible 
error should be evaluated in terms of the 
simple gas equation. 

“In every instance, emphasis should be 
placed upon principle and its widespread ap- 
plication. Such matters as manometers, 
Pitot tubes, and flow meters should be in- 
troduced as applications rather than as bases 
for flow classifictaion. Either laboratory or 
class demonstrations are important in pre- 
senting this material. Many laboratory pe- 
riods or class demonstrations are not neces- 
sary. Quantitative demonstrations in which 
the students are given data to develop which 
they have seen taken are good. The labora- 
tory work should require that the student 
develop his own methods of taking data, 
evaluating it, and discussing it in so far as it 
is practicable. All of the foregoing divisions 
are deemed essential to the engineering stu- 
dent’s education. It is in their applications 
that the pedagogical flexibility and ingenuity 
lies.” 


With the foregoing report as a guide, 
a simple, 20-item questionnaire was sent 
to 166 engineering schools in the United 
States in an attempt to gain information 
as to the degree to which the recommen- 
dations of the report are presently being 
followed. Some intimation of the diver- 
sity which was to be revealed was ap- 
parent when it was found that only one- 
third of the schools addressed had a 
separate department of mechanics. This 
indicated that two-thirds of the fluid 
mechanics work is presented by degree 
granting departments which might well 
be expected to have a particular bias. 
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There was a good response to the 
questionnaire, more than three-fourths 
of them having been returned. Not all 
were carefully answered, as indicated by 
inconsistencies. Some questions were 
not sufficiently clear and one was garbled. 
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However, because of the large number | 


AGREEMENT WITH COMMITTEE RECOMMENDATIONS 


Per Cent 
Yes Partially No 
Background Matter 
Mechanics of fluids correlated with mechanics of solids 
and thermodynamics 83 10 7 
Dimensional reasoning introduced 94 4 2 
Fundamental Concepts and Principles 
Velocity at a point 94 1 5 
Velocity field 75 8 17 
Local and convective acceleration 59 11 30 
Mass density 98 0 2 
Normal and tangential stress 90 J 7 
Body forces 90 3 7 
Continuity of mass 98 0 2 
Laws of motion, momentum, energy principles 98 0 2 
Fluid Inertia 
Mass-pressure gradient relationship 62 11 27 
Fluid Weight 
Use of Froude number 68 10 22 
Fluid Viscosity 
Use of Reynolds number 91 3 6 
Fluid Elasticity 
Use of Mach number 64 10 26 
Teaching Methods 
Problems illustrate basic principles rather than develop 
applications 79 19 (both) 2 
Demonstration or film 64 36 
Accompanied or followed by laboratory courses 72 9 19 
No. of Depts. Per Cent 
Same course given to several departments 0 19 
(25 different departments involved) 2 21 
3 21 
4 11 
5 5 
6 6 
7 2 
8 1 
9 1 
All 13 


Undergraduate work given in following number of courses 





received, these difficulties tend to be 
come ironed out and the general trend j 
apparent. The following table indicaty 
the degree to which subject matter, cop. 
cepts, principles, or pedagogic treatment 
are being carried out in relation to the 
ad hoc committee recommendations, 











1 i+lab 2 3 or more 
62 15 17 6 
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A report was also received on the text- 
books used, chiefly to help evaluate re- 
sponses to the questionnaire. However, 
the replies indicate that a wide variety of 
books, more than twenty in number, are 
used; in some cases more than one text 
is employed in the same course—and, 
contrariwise, in four schools no text at 
all is used. Half a dozen books enjoy 
patronage at 85% of the responding 
schools, but no notion of the actual num- 
bers of each in use can be given. A re- 
view of Professor Kindsvawter’s survey 
on text needs in fluid mechanics con- 
ducted early in this decade indicates that 
the popular books of that time are still 
in use although there have been shifts in 
relative popularity and some newcomers 
in the field are forging ahead in adop- 
tions. 

The large number of disciplines re- 
quiring a course in fluid mechanics was 
somewhat surprising. At the schools re- 
porting, the following departments are 
mentioned as taking fluid mechanics. No 
doubt there are still more who weren't 


identified. 


Aeronautical engineering 
Agricultural engineering 
Architectural engineering 
Ceramic engineering 
Chemical engineering 
Civil engineering 
Electrical engineering 
Engineering mechanics 
Engineering physics 
Engineering science 
Geological engineering 
Geophysics 


A review of the responses to the ques- 
tionnaire shows a substantial shift in 
course content from the days of a genera- 
tion back when at meetings such as this 
we debated whether or not a civil engi- 
neer should take hydraulics or fluid me- 
chanics. Now practically all C.E.’s are 
taking fluid mechanics, although there 
are a few who are apparently sticking 
fairly close to the hydraulics of that day. 
However, attention can be drawn to the 
fact that many of the general relations 
or concepts such as velocity at a point, 
continuity of mass flow, energy and mo- 
mentum principles, and Reynolds effects 
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are covered in more than 90% of the 
courses presently given. In fact, nearly 
all of the committee recommendations 
are being given in two-thirds of the pres- 
ent-day courses. Furthermore, the fre- 
quent notation of a change of text for 
next year indicated an accelerated shift 
in the direction of the committee recom- 
mendations. It can be safely said that 
the great majority of schools are giving a 
general course which includes the mod- 
ern concepts of dynamic similarity as in- 
dicated by such parameters as the Froude, 
Reynolds, and Mach numbers. 

Many departments still feel that their 
students must have a course tailor-made 
for their needs rather than a general 
course. In 19% of the schools, each de- 
partment had its own course, if any; and 
only one-eighth of the schools reported 
all departments taking the same first 
course in fluid mechanics. 

In conclusion, it is apparent that at the 
present time fluid mechanics is not yet 
accepted as a fundamental course paral- 
leling the solid mechanics courses, statics 
and dynamics. It is not given to all en- 


General engineering 
Industrial engineering 
Materials engineering 
Mechanical engineering 
Metallurgical engineering 
Mineral dressing 
Mining engineering 
Naval architecture 
Nuclear engineering 
Petroleum engineering 
Planning engineering 
Sanitary engineering 


gineering students in the same form to 
anywhere near the extent that the solid 
mechanics courses are. (In fact, it is ex- 
ceptional to find any major differences in 
the solid mechanics courses offered to 
different departments.) This can be 
readily understood when it is remem- 
bered that hydraulics as taught by the 
civil or mechanical engineering depart- 
ments was the forerunner of fluid me- 
chanics and the problems of these areas 
were naturally emphasized. However, 


the common core of ideas and concepts 
recommended by the committee are cer- 
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tainly being taught by an increasing per- 
centage of American schools and the texts 
which emphasize the basic concepts have 
become more and more widely used. 
The present status of fluid mechanics, 
therefore, may be regarded as an improv- 
ing one. There is evidence of a rapid 
falling into line on a more general and 
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scientific approach to fluid flow prob. 
lems. On the other hand, there is still 
much room for improvement. Particu. 
larly essential is the conversion of more 
departments to the opinion that this 
course is as general and fundamental as 
a course in statics or dynamics and should 


’ be regarded in the same light. 


SPACE SCIENCES LABORATORY CREATED ON BERKELEY CAMPUS 


The establishment on the Berkeley campus of the University of California of a 
new Space Sciences Laboratory to delve into the scientific problems generated by the 
advent of space travel has been announced by President Clark Kerr and Chancellor 
Glenn T. Seaborg. 

Samuel Silver, professor of engineering science, has been named director of the 
new laboratory. 

Now in the process of becoming established, the laboratory will serve as an inter- 
disciplinary facility. 

Although the Regents of the University have provided a modest basic budget for 
the laboratory, primary support is expected to come on a contractual basis from various 
government agencies now providing funds for basic research in space sciences. 


SCIENCE OF MATERIALS FELLOWSHIPS AT CARNEGIE TECH 


The unique doctoral program in the Science of Materials established at Carnegie 
Institute of Technology in 1959 has been expanded by a second grant of $111,000 by 
the United States Department of Health, Education, and Welfare. 

One of the relatively few engineering grants made under the National Defense 
Edacation Act of 1958, the original appropriation provided for the establishment of 
five fellowships in the fields of civil, electrical, and mechanical engineering. The new 
grant is enlarging the program by providing funds for fifteen fellowships, each worth 
a minimum of $9,600 with dependency allowances for three years of studies. 

The Science of Materials Program provides the fundamental basis for studies in the 
application to engineering research of atomic, molecular, and solid state physics, phys- 
ical chemistry, and molecular electronics. Candidates are being selected on the basis 
of outstanding careers in work leading to the B.S. degree in engineering fields. 
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Candid Comments 


This section is open to comments on articles in the JouRNAL or on 
engineering education in general. Send comments to the Editor, JouRNAL 
OF ENGINEERING EpucaTION, University of Illinois, Urbana, Illinois. 


Professionalism ys. Unionism 


from the Dean’s Page of The Iowa Engineer 


The question is sometimes raised as to 
whether or not engineering is a profes- 
ion. Is the engineer a professional man? 
lnsome parts of the country, successful 
attempts have been made to enlist engi- 
wers into the membership of labor un- 
ims. A small, but still significant, num- 
tas of engineers belong to unions of 
technical employees. If the engineer is 
iprofessional man, can he at the same 
ime be a good union member? Are 
wofessionalism and unionism compatible? 

Let us first examine the differences be- 
tween a profession and a trade. It is 
important to note that both professions 
ad trades are useful, legitimate and hon- 
wable callings. Mankind could not pro- 
gess without both. But there are differ- 
aces between them. 

Webster states that the term “profes- 
ion designates the more learned callings, 
sthe profession of a clergyman, a lawyer, 
iphysician, a civil engineer, a teacher” 
vhile the term “trade applies to any of 
the mechanical employments or handi- 
aafts except those connected with agri- 
ulture.” Harry A. Winne, a retired vice 
president of General Electric, has sum- 
marized professionalism as being a-com- 
psite of the following attributes: a back- 
gound of education, a continual drive 
fr more knowledge and understanding, 
a continual increase in competence, a 
tadiness to serve above and beyond the 
atent which the immediate reward may 
vem to justify, a search for opportunities 
0 guide and instruct younger and less 
competent people, and a posession of a 
very high standard of ethics. 

A trade, on the other hand, is char- 
terized as an occupation requiring 
manual or mechanical skill, training and 


dexterity. Historically, unions have been 
associations of tradesmen, of craftsmen, 
as is evidenced by their common char- 
acterization as “trade unions.” Many 
unions have served the worker, and his 
employer, well. But do they have a 
place in the life of a professional man? 
President Eric Walker of Pennsylvania 
State University has said that while un- 
ionism is concerned with the relationship 
between man and his boss, professional- 
ism is concerned with the relationship 
between man and mankind; that union- 
ism concentrates on rights and privileges, 
while professionalism concentrates on 
duties and services. The physician, the 
clergyman, the lawyer (whether in pri- 
vate practice or employed by a corpora- 
tion) and the engineer (whether in pri- 
vate practice or employed by a corpora- 
tion) is concerned first with the interests 
and welfare of his patient, his parish- 
ioner, his client, his employer. If he 
cannot approve of the objectives of his 
client, the ethical professional man does 
not accept proffered employment. The 
trade union, on the other hand, is organ- 
ized to promote the welfare of its own 
members, often with little or no concern 
with the interest of the employer. It is 
in this regard that we first find that pro- 
fessionalism and unionism are incom- 
patible. A man cannot serve two masters. 
But, you may say, the engineer must 
look after his own interests. True, but 
should this be done through unions? Or, 
even more strongly, can this be done 
through unions? By the very nature of 
their primary concern with workers in the 
trades, unions are geared to deal with ac- 
tivities in which standards of production 
can be established and controlled. And 
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the objectives of unions are to establish 
uniform production; uniform pay, hours 
and fringe benefits; and advancement 
based largely on seniority. The engi- 
neer, however, is an individualist. He 
wishes to make his own decisions. He 
feels that 
should be rewarded and that his promo- 
tion should be based on his own achieve- 
ments. Here is the second incompatible 
aspect of professionalism and unionism. 
Unions tend to standardize on medioc- 
rity; the professional man wishes to be 
free to advance to an extent limited only 
by his own abilities and his own con- 
tributions to society. 

In 1948, Dr. William Wickenden, Pres- 
ident of Case Institute of Technology, 
delivered a paper before the Engineering 
Institute of Canada which has become a 
classic in engineering literature. The pa- 
per was entitled “The Second Mile” and 
was based on a verse from the Sermon 
on the Mount—“Whosoever shall compel 
thee to go a mile, go with him twain.” 


NEW DEAN AT VANDERBILT 


Dr. Robert Seaman Rowe, Professor of Engineering at Duke University, has 
been named Dean of the Vanderbilt University School of Engineering, where he wil 
He succeeds Dean Fred J. Lewis, who died ia 


assume his duties next September. 
January, 1959. 


Dr. Rowe holds degrees from the University of Delaware, Columbia University, 
and Yale University. He taught at Princeton University before joining the Duke 
faculty in 1956 as Professor of Civil Engineering and Head of the Department. Since 
1957 he has been J. A. Jones Professor of Engineering at Duke. 


member of ASEE since 1951. 


JOURNAL OF ENGINEERING EDUCATION 


individual accomplishment . 


Vol. 50—No, 8 


Dr. Wickenden said, “Every calling has 
its mile of compulsion, its daily round of 
tasks and duties, its standard of honest 
craftsmanship, its code of man-to-man 
relations, which one must cover if he js 
to survive. Beyond that lies the mile of 
voluntary effort, where men strive for ex. 
cellence, give unrequited service to the 
common good, and seek to invest their 
work with a wide and enduring signif. 
cance. It is only in this second mile 
that a calling may attain to the dignity 
and the distinction of a profession.” Here, 
then, is a final difference and a final in. 
compatibility between professionalism 
and unionism. The unionized worker is 
concerned only with the first mile; the 
professional man with both the first and 
the second mile. To make the most of 
his opportunities and of his life, the en- 
gineer must, and does, go the second 
mile. 

GeorcEe R. Town 

Dean of Engineering 

Iowa State University 
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DAVID V. HEEBINK 


Assistant Professor, 
Industrial Engineering Department, 
Stanford University 


It is unfortunate for students and 
teacher alike that there is no quick, ob- 
jective way to evaluate the latter’s class- 
room performance. Good teaching is ex- 
temely important both from the stand- 
point of efficiency in education and of 
personal job satisfaction. However, in 
the majority of cases an engineering 
teacher has only his subjective hunches 
touse as a guide to improvement. The 
goals of this article are to: a) show that 
there are some reasonably convenient 
ways to obtain constructive suggestions, 
and b) encourage the reader to seek such 
help if he feels the need for it. 

Perhaps the most readily available in- 
dication as to whether an instructor is 
making himself clear is the behavior of 
class members. Yet this obvious source 
of “feedback” is too frequently ignored. 
A teacher often becomes engrossed in 
what he is saying, or perhaps is generally 
insensitive to other people’s responses. 
Whatever the cause, an awareness of stu- 
dents’ reactions can be developed if one 
devotes some effort to it. Moreover, it is 
invaluable in teaching, because it saves 
time by indicating whether the instruc- 
tor is pacing himself correctly or not. 

General evidence of boredom or ‘ack 
of challenge indicates that either the 
pace is too slow or else the presentation 
uninteresting. On the other hand, con- 
fusion can result from a pace that is too 
pid or a presentation that is poorly 
organized. 

Part of the art of sensing student reac- 
tions is predicated on “having a feel” for 
a particular class. Some classes register 

edom or confusion in rather obvious 

ys, whereas other groups are more in- 
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different. However, even the most blasé 
class will contain a few responsive in- 
dividuals. Once the teacher has recog- 
nized them and satisfied himself that 
they are a representative sample, he has 
a useful barometer. 

Although classroom responses are help- 
ful, there are other student reactions that 
can be useful to the teacher. For exam- 
ple, it might be interesting to know 
whether homework assignments are rea- 
sonable or whether the students find lec- 
tures well organized. Students are nat- 
urally hesitant about volunteering such 
information; so it is usually up to the 
instructor to take the initiative. There 
are at least two ways to query students. 
One is by means of a questionnaire near 
the end of a course. The other is by 
verbal questions after a course is over. 

Questionnaires have several desirable 
features. One is that they can be anony- 
mous; another is that a whole class can 
be polled in a reasonable amount of time. 
Of course, the questions that are asked 
must be well thought out if worthwhile 
answers are expected, and one must be 
prepared for the inevitable humorist 
when the answers are read. It has been 
the author’s experience, however, that 
the vast majority of undergraduate stu- 
dents are remarkably candid and con- 
structive in their answers to anonymous 
questionaires. Moreover, when a whole 
class is polled it is possible to check for 
the consensus of opinion on important 
items. 

An interesting elaboration of the ques- 
tionnaire technique is the department- 
wide or school-wide evaluation that is 
sponsored by honorary groups at some 
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universities. When correctly planned and 
executed, these ratings can provide an in- 
structor with a quantitative appraisal of 
various aspects of his performance. Fur- 
thermore, if department or school aver- 
ages are made available, a very objective 


comparison can be made with the rating - 


of the average professor. Clearly, if such 
ratings are to be used constructively, they 
must be strictly confidential in a real-life 
situation. 

Asking verbal questions is an easy way 
to do spot checking on rather impersonal 
aspects of a course. If a mature, frank 
student is asked in private how he found 
the homework load during the semester, 
he will very likely give a candid answer. 
Considerable discretion must be used in 
choosing the type of question that is 
asked. Queries pertaining to the in- 
structor’s classroom performance, per se, 
would certainly be inappropriate in a 
face-to-face situation. 

If the ultimate in objectivity is desired, 
there is another method that can be 
used. It consists of inviting a fellow 
teacher to one’s classes periodically for 
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a performance evaluation. As a connois. | L, M 
seur of good teaching (we hope), this § Univ 
person can offer constructive criticism | Ohio 
that perhaps will alert the beginning 
teacher to bad practices of which he was $5] 
unaware. This may be a somewhat pain. | fesso 
ful process for both parties, and it may plica 
not be easy to find a critic who is both } ment 
willing and able to do a good job. As. | Engir 
suming these difficulties can be overcome, | quali 
however, this is perhaps the most con. | sme 
venient way of all to get truly unbiased | micro 
guidance. contr 

There are undoubtedly other ways by } wusu 
which the instructor can find out how to | ketur 
improve. Granted that he wants to im. } “les 
prove, the important thing is that he shoulc 
realize there are ways he can get objec. | Depa! 
tive evaluation of his performance on the MeMé 
job. Subjective feelings may be helpful Canad 
up to a point, but there is no substitute | 
for “feedback” of the sort outlined above, | MEC 
This is something no education course } "chi 
can provide. It can be obtained in the |S 
classroom, true—but only when you are} S¢ 


the instructor. surate 
Apply 
partme 
Univer 


and M 


Teaching Positions Available MEC 


POSITIONS AVAILABLE IN ELEC- 
trical Engineering, Mechanical Engineer- 
ing, and in Engineering Mechanics at 
Arlington State College in new School 
of Engineering. Rank and salary de- 
pendent on qualifications. Write Dean 
of Engineering, Arlington State College, 
Arlington, Texas. 


MECHANICAL ENGINEERING. EX- 
cellent opportunities for persons qualified 
in industrial engineering, thermodynam- 
ics, gas dynamics, heat transfer, fluid 
mechanics, aerodynamics, mechanics of 
solids, or instrumentation and control. 
Rank and salary dependent on qualifica- 
tions. Research and consulting encour- 
aged. Write to S. Mercer, Jr., Head, 
Mechanical Engineering Department, 
Drexel Institute of Technology, Philadel- 
phia 4, Pa. 


teachin 
ASSISTANT PROFESSOR REQUIRED fuids-h 
starting 1960-61 in the area of Machine “mami 
Design, Engineering Mechanics, Applied pied m 
Mathematics, and Experimental Stresmeerir 
Analysis. Doctor’s degree preferable} @duat 
genuine research interest imperative cred r 
New Engineering School with excellent}'™s 0 
new facilities including a Nuclear Reacp™usure 
tor. For more information, write Dsj™ © 
D. G. Huber, Chairman, Mechanical Ev Mechan 
gineering Department, McMaster Un = 
versity, Hamilton, Ontario, Canada. f"™ M 






















CIVIL ENGINEERING-STRUCTURB: E 
Opportunity to head structural divisionpDepartn 
teaching and directing undergradustiflork ha 
and graduate programs. Attractive porple teac 
sibilities in an expanding graduate angio, | 
research program. Top salary and rasgth qu: 
appropriate to qualifications. Ph.D. pigortunity 
ferred. Positions now open. Write Must be 
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|, M. Laushey, Head, Civil Engineering, 
University of Cincinnati, Cincinnati 21, 
Ohio. 


ASSISTANT AND ASSOCIATE PRO- 
fesors Of Electrical Engineering. Ap- 
jlications are invited for staff appoint- 
nents in a newly established Faculty of 
fngineering. Candidates should be well- 
qualified academically and should have 
gme research experience, preferably in 
microwaves and solid state physics or in 
control systems. These openings present 
wusual opportunities to build up new 
lecture and laboratory courses. Salary 
gales are competitive. Applications 
should be addressed to the Chairman, 
Department of Electrical Engineering, 
McMaster University, Hamilton, Ontario, 
Canada. 


MECHANICAL ENGINEERING 
taching positions. Staff needed in Mis- 
suris largest and fast growing engineer- 
ing school. Salary and rank commen- 
sate with education and experience. 
Apply Dr. A. J. Miles, Chairman, De- 
partment of Mechanical Engineering, 
University of Missouri School of Mines 
ad Metallurgy, Rolla, Missouri. 


MECHANICAL ENGINEERING 
taching positions. Men needed in the 
fuids-heat transfer-thermodynamics-aero- 
dynamics area, in the theoretical and ap- 
flied mechanics area, and in nuclear en- 
gneering. Large and rapidly growing 








e preferable 
t imperative 


with excellent 











gaduate program through D.Sc. Spon- 
med research encouraged. No limita- 


tims on rank. Salary and rank com- 





Nuclear Resc}™isurate with educational background 


on, 
[echanical 


write Dr. 


En} echanical 





experience. Apply: C. T. Grace, 
Engineering Department, 


[cMaster Uni bhiversity of New Mexico, Albuquerque, 


, Canada. 





TRUCTURBS 
tural divisionpepartment of The City College of New 





undergradust 
Attractive po 
graduate 
alary and ral 
1s. Ph.D. pt 
yen. Write 











New Mexico. 








ELECTRICAL ENGINEERING 


ak has several positions available on 
le teaching staff beginning September 
Rank and salary commensurate 
ith qualifications and experience. Op- 
brtunity for graduate study. Applicants 
list be present residents of the United 








TEACHING POSITIONS AVAILABLE 
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States. Address inquiry to Prof. H. 
Taub, Dept. of Electrical Engineering, 
The City College, Convent Ave. at 139th 
St., New York 31, N. Y. 


POSITIONS AVAILABLE FOR 
teachers of Electrical and Mechanica! 
Engineering, and for teachers of Mathe- 
matics. M.S. degree is the minimum re- 
quirement; the Ph.D. is desirable. Salary 
and rank will depend upon qualifications. 
Excellent fringe benefits. Apply to: 
Earle M. Morecock, Chairman, Division 
of Applied Science, Rochester Institute 
of Technology, Rochester 8, New York. 


RESEARCH PROFESSORSHIP OPEN 
to a doctorate in Electrical Engineering 
who wishes to do part-time research and 
graduate teaching. Ph.D. required, no 
experience beyond the graduate work 
necessary. Apply to Reverend A. J. 
Mullen, O.S.A., Chairman of Electrical 
Engineering Department, Villanova Uni- 
versity, Villanova, Pennsylvania. 


ASSISTANT PROFESSOR AND LAB- 
oratory instructor positions open in the 
Electrical Engineering Department at 
Villanova University. Master of Science 
required for the former, desirable for the 
latter. Understanding of recent develop- 
ment in Electrical Engineering necessary 
to teach in the modern curriculum. Ap- 
ply to Reverend A. J. Mullen, O.S.A., 
Chairman of Electrical Engineering De- 
partment, Villanova University, Villanova, 
Pennsylvania. 


ELECTRICAL ENGINEER TO TEACH 
electronics. Ph.D. or M.S. and experi- 
ence. Nine months basis. Academic 
rank and salary open. College located 
in Northern California. Apply to H. F. 
Langdon, Head, Engineering Depart- 
ment, Chico State College, Chico, Calif. 


CHAIRMANSHIP IN CIVIL ENGI- 
neering. Graduate and undergraduate 
teaching and research opportunities. 
Must have doctor’s degree. Write Walter 
J. Seeley, Dean, College of Engineering, 
Duke University, Durham, North Caro- 
lina. 
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ELECTRICAL AND MECHANICAL 
staff openings at assistant, associate and 
full professor levels to teach in liberal 
arts college with new Engineering Sci- 
ence program. M.S. or Ph.D. required, 
industrial experience desirable. Write 


to S. Goldstein, Chairman of Engineer- - 


ing, Hofstra College, Hempstead, Long 
Island, New York. 


PROFESSOR TO BE RESPONSIBLE 
for graduate and undergraduate courses 
and to participate in research in the fields 
of theoretical and applied mechanics. 
Ph.D. required. Salary open. Department 
of Mechanical Engineering, Oregon State 
College, Corvallis, Oregon. 


TEACHING IN PUERTO RICO. Pu.D. 
teaching positions open. English or 
Spanish speaking. Opportunities in ex- 
panding civil, electrical, mechanical, 
chemical, industrial, and general engi- 
neering departments. Research interest 
imperative. Rank and salary will de- 
pend on qualifications. Write to: Dean 
of Engineering, University of Puerto 
Rico, Mayaguez, Puerto Rico. 


MECHANICAL ENGINEERING-—AS- 
sistant or Associate Professor for teaching 
and research in fluid dynamics, gas dy- 
namics or related area. Advanced de- 
gree required. Also, two openings for 
recent graduates with Master’s degrees 
in Mechanical Engineering. Salary 
schedule amongst highest in Canada. 
Applications with full particulars should 
be sent to Head, Department of Me- 
chanical Engineering, University of Sas- 
katchewan, Saskatoon, Sask., Canada. 


EXPANSION OF GRADUATE WORK 
in Electrical Engineering at Syracuse 
University has created several openings 
at the Assistant and Associate Professorial 
ranks. Except in very unusual circum- 
stances, applicants should have a Doc- 
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torate in Electrical Engineering or g 
closely allied field. Opportunities exig 
for combination of teaching and research 
during the academic year, and for sum 
mer employment on research. Teaching 
is primarily at the graduate level. Salary 
depends on the experience of the inde 
vidual, but in most cases the yearly salary 
(for 11 months work) is reasonably com 
petitive with industry. Write to Dr, W, 
R. LePage, Chairman, Department of 
Electrical Engineering, Syracuse Univer 
sity, Syracuse 10, New York. 7 


ELECTRICAL ENGINEERING STARE 
Openings. Both graduate and undep 
graduate courses. M.S. required, PhD 
desirable. Modern facilities. Activ 
research program. Write: Joseph € 
Michalowicz—Head, E.E. Dept., Catholi 
University, Washington 17, D.C. | 
ELECTRICAL ENGINEERING. AGA 
demic rank and salary open. Backgroufi 
in electronics and communication neé 
works required. Graduate degree pi 
ferred. Recently formed, growing @ 
partment. Write: R. A. Herring, 
Head, Electrical Engineering Dep 
ment, University of Mississippi, Uni 
sity, Mississippi. 


ELECTRICAL ENGINEERING: 
cellent opportunities for qualified Ph.D 
in logical design, network synthesis a 
other areas. Rank and salary comme 
surate with research and teaching quali 
cations. Teaching loads at all ranks 
low. They are reduced further for th 
handling sponsored research proje 
Each faculty member is expected to’ 
velop and maintain a strong research pi 
gram. Send complete resume of qualia 
cations, including research publicat 
to: Chairman, Department of Electti 
Engineering, Northwestern Unive 
Evanston, Illinois. 4 


| 
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